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Eucalyptus camaldulensis (Dehn) is widely used in-
afforestation in Iraq and other Middle Eastren countries 
where salinity is among the main problems for successful 
establishment of plantations. This study was designed to 
estimate the salt tolerance of this species. 
The effect of soil salinity on E. c amaldulensis was 
deter-mined on the growth rate, transpiration rate, stomatal 
conductance and root conductance in a series of glasshouse 
and controlled environment experiments . Growth was measured 
in terms of relative growth rate, leaf expansion rate and 
stem elongation rate. In general all these features of plant 
performance decreased with increased soil salinity. Ill all 
salt treated 	plants sodium ions was Preferentially accumu- 
lated in the roots while these were also the most succulent' 
parts of the plants. 
It.. appears that osmotic adjustment enables the plants 
to grow on saline soil and to regulate their ions content, 
thus, avoiding toxic accumulation. Turgor potential increased 
while osmotic and water potentials decreased with increased 
salinity. 
Eucalyptus camaldulensis showed considerable tolerance 
of salinity up to the maximum treatment of 48 mS cm( NaCl ) 
thus, it can be recommended for use in soils subject to saline 
conditions. 
E . camaldulensis ( Dehn ) seedling grown in a pot 
contained a compost of sand and peat for 7 months. 
CHAPTER 1 
INTRODUCTION 
In Iraq, many studies have investigated the effects of 
soil salinity on plant crops and it is well known that salinity 
affects the growth and yield of crops. But in contrast very 
little work has been done on the responses and tolerances of 
trees to salinity (Paliwal and Khoudier, 1982). 
Eucalyptus 	carnalciulensis 	Dehn 	is 	widely 	used 	in 	the 
afforestation of the plains of the middle and southern parts 
of the country as well as for roadsides, shade trees, and wind 
breaks. At the present time, it is the main and most favoured 
species in forest plantations in the plains where it gives 
higher yields than any other species (Raeder-Roitzsch, 1965). 
Moreover, it is used for timber, pulp and paper production and 
for chipboard manufacture by a factory in Mosul. Although 
Eucalyptus is endemic to Australia, more than 20 species are 
commonly planted in Iraq, as well as in other Middle Eastern 
countries, South America and Africa (Bonga and Durzan, 1982). 
E. camaldulensis grows in diverse climates and on many soil 
types ranging fromSandy to swampy or waterlogged soils 
through rocky to dry soils. This ability of Eucalyptus species to 
grow in different soils must not be overlooked when 
considering the economic value of this forest tree. The 
traditional way to raise Eucalyptus in Iraq is by sowing the 
seeds in a seed-bed which is prepared for this purpose from a 
suitable soil (sandy or sandy-silty). After 2-3 weeks the 
seeds will germinate; the germination of seeds is near 90 %. 
The small seedlings are then transplanted to polyethylene bags 
grown from 6-12 months in these bags,then transfered to the 
field. Usually the seedlings are watered both in the nursery 
and the field. Seeds of Eucalyptus are extracted by drying the 
capsules for a few days in the sun. Eucalyptus doesnot propagate 
readily from cuttings. Field planting is usually done in late 
winter or early spring. In the field the problem of salinity 
for Eucalyptus seedlings arises. Soil salinity is among the main 
problems for afforestation in the middle and southern parts of 
Iraq, where the salinity ranges between 0-77 r mS cm 1 in some 
areas of the Mesopotamian plains (Smith and Robertson, 1956). 
Thus, it seemed useful to initiate a study of the effects of 
salinity on tree's under Iraqi conditions. E. camalclulensis was 
chosen for this purpose because of its adaptation to both soil 
and climatic conditions and because it has better growth than 
other species. 
The aim of this study was, therefore, to study the 
influence of soil salinity on E. camaldu!ensis and its response to 
salinity, and also to determine both the lethal' soil salinity 
and salinities that could be tolerated. Some workers (Sands, 
1981; Blake, 1981) have suggested that this species is salt 
tolerant and this also needs clarification. 
This investigation, therefore, examined the effects of 
salinity on some aspects of the ability of this species to 
tolerate salinity and assessed its reaction to the accumulation 
of salt ions within its tissues. 
The main aspects investigated were :- 
Relative growth rate over different periods. 
The accumulation of ions within different plant parts. 
The hydraulic conductance of roots and the stomatal 
conductance of leaves. 
Transpiration rate. 
Plant water relations and bulk elastic modulus. 
Leaf expansion and stem elongation. 
CHAPTER 2 
LITERATURE REVIEW 
2.1 Physiological basis of salt tolerance 
Early investigators showed that plants differ considerably 
in their tolerance to salinity (Magistad et al. 1943). Plants 
which show satisfactory growth on saline soil and tolerate 
high concentration of soluble salts are called halophytes 
while plants which do not tolerate high concentration of salt 
in the soil solution are called 'glycophytes (Waisel, 1972). 
Salt tolerance of plants has been evaluated in three ways by 
Hayward and Wadleigh (1949). 
Salt tolerance may be defined as the capacity of plant 
to persist under conditions of increasing salinity. A given 
species may make little or no growth at the higher levels of 
salt accumulation, but it does survive. 
Salt tolerance may be thought of as the productive capacity 
of a plant at a given level of salinity. For example, 
a number of varieties of crop may be tested in a soil having 
a certain degree of salinity and the highest yielding variety 
may be designated as the most tolerant. 
The relative performance of a crop at a given level of 
soil salinity as compared to its performance on a comparable 
non saline soil may also be used as a criterion of salt 
tolerance. This method has certain advantages over the first 
two concepts in that comparisons between species are more 
readily evaluated. 
Levitt (1972) categorized two mechanisms in salt 
D 
• 	resistance in plants a) avoidance, where harmful salt 
concentrations in the plant are avoided or delayed by 
exclusion, excretion, or dilution and b) tolerance, where the 
plants are specifically adapted to tolerate ion accumulation. 
Avoidance is considered one important mechanism to 
reduce the effect of accumulated salts. Plants usually differ 
considerably in their ability to tolerate the salinity; 
halophytes, by definition, tolerate high levels of salinity and 
can also regulate the uptake and distribution of ions within 
the tissues. Many halophytic plants avoid the deleterious 
effect of excess salt by secreting the excess ions by salt 
glands on their leaves and stems. 
Glycophytes, on the other hand, respond to salinity 
basically by ion exclusion; the majority of these species 
accumulate high levels of Na+ in their roots and stems (FlowexS 
et al. 1977). Excretion in glycophytes is also achieved in order 
to cope with increasing accumulated ions within plant tissues. 
Salt evasion can be accomplished by means of dilution; the 
plants absorb enough water to mitigate the stress caused by 
ions in the tissues; the resulting succulence can be expressed 
in terms of increase in cell size, high water content per unit 
of surface area and decrease in extension growth. 
- 	Tolerance is generally considered the superior adaptive 
mechanism as ion accumulation allows the maintenance of 
turgor and therefore continued growth (Greenway, 1965). It is 
well known that increasing soluble salts in the substrate will 
increase the osmotic pressure of the soil solution, 
consequently the physiological availability of water decreases 
I 
(Bernstein, 1961). 	However, when a plant is subjected to 
external osmotic stress it passes through the following stages 
(Greenway and Thomas, 1965). a) osmotic stress, b) reduction in 
growth, C) increase in internal solute concentration. Bernstein 
and Hayward (1958) have related the growth retardation of 
plants under saline condition to osmotic effects and specific 
ion effects. Gauch and Wadleigh (1945) concluded that the 
progressive decrease in growth of red kidney bean plants, with 
increasing osmotic potential in the range of -0.1 to -0.4 MPa, 
was directly and primarily related to osmotic potential when 
NaCI, Na2 SO 4 and CaC12 were the salts added to the base 
nutrient solution. 
Growth in this respect must be expressed in terms of dry 
rather than fresh weight, because the- increasing succulence of 
plants, caused by Naci, may result in false interpretations of 
the effects of salinity. 
Greenway (1962) compared the growth and yield under saline 
conditions of a relatively salt-tolerant variety of barley with 
that of a salt- sensitive variety. Not only was total dry 
weight increment lowered by salinity treatments, and 
differently in the two varieties, but also various components 
of grain yield were lowered 
Ion retention and osmotic adjustments by plant tissue 
are, of course, of considerable significance for plant growth in 
saline habitats. Halophytes tend to have relatively high values 
for the osmotic pressure of the tissue fluids, and they have a 
greater internal adjustment in osmotic pressure over a range 
of soil salinjzatjon. It is apparent that the main deficiencies 
of plants which lack salt tolerance are the inability to 
regulate adequately the intake of salt and the specific 
sensitivity of their protoplasm to accumulations of salt within 
the tissues (Hayward and Wadleigh, 1949). 
Greenway (1962) showed that differences in salt tolerance 
of Hordeum vulgare varieties are related to higher chloride and 
sodium and/or lower potassium concentrations in the sensitive 
rather than in the resistant varieties. 
2.2 Requirements of Sodium and Chloride for Growth 
Generally, it is well documented that sodium chloride has 
adverse effects on plant growth of most species (Eaton, 1942; 
Greenway, 1962; Flowers, 1972; Winter and Lauchlii, 1982). 
However, some higher plants (Atriplex species) showed a 
positive response to either sodium or chloride ions, therefore, 
these elements were considered as an essential micronutrient 
(Brownell, 1965, 1968; Broyer et al. 1954). The growth 
stimulation effect of each element differs between species. 
Although much of the osmotic pressure of cell sap is 
attributable to soluble carbohydrate, a measurable fraction 
results from the presence of mineral salts, and it is the major 
source of the high osmotic pressure of halophytes (Kramer and 
Kozlowski, 1979). For most plant species sodium is toxic in 
high concentrations, while for some other plants, especially 
halophytes, sodium is an essential element (Brownell, 1965); 
Brownell and Crossland (1972) have shown that some plant 
species responded to sodium applications with a marked 
increase in dry weight and they considered it essential for 
growth in these cases. Brownell ;(1968) investigated the 
requirements for sodium of twenty- three species of higher 
plants. Most of the species of Atriplex investigated (A. quinii, 
A. Lindley, A. inflata, A. mummularia)) responded favourably and 
increased in dry weight when 0.1 mol m 3 Na2 SO4 was added to 
their culture solution. Increases in yield were obtained in 
sugar beet and in Aster tripolium following treatments with 50 
mol m3 NaCl. However, no increase was induced by minute 
concentrations of Na 2 SO4 (Brownell, 1968). 
It seems that either high concentrations of sodium are 
required for those plants or that plants respond to NaCl 
better than to Na 2 SO4 (Waisel, 1972). 
Growth of Atriplex hamila was also strongly stimulated by 
addition of small quantities of NaCl to the growth medium 
(Waisel, 1972). The positive effects of sodium on growth of 
plants can frequently be seeh more clearly in species with a 
high requirement for potassium (Harmer et al., 1953). Little is 
known of the role of sodium in plant metabolism (Brownell and 
Crossland, 1972). There is evidence that sodium can partly 
replace potassium in some of its functions (Marschner et al., 
1981; Stuiver et al., 1981). 
Essentiality of an element can be expressed in any phase 
of plant growth. Sodium chloride was shown to be essential 
for'Sajicornja olivieri at the flowering stage (Waisel, 1972). This 
species exhibited vegetative growth, but did not flower under 
salt-free conditions. Only in soils containing 3.4-5 NaCl did S. 
olivieri plants flower abundantly. Jennings (1976) showed that 
small amounts of chloride improved growth in higher plants. 
Sutcliffe and Baker (1981) suggested that chloride has an 
important role in the production of oxygen, and acts as an 
electron transporting agent in photo phosphorylation. However, 
it was found that highly significant increases in yields of 
tomatoes and cotton were obtained with the addition of 
chlorine (Eaton, 1942). Moreover, Broyer et al. (1954) studied 
chlorine as a rnicronutrient for higher plants and found that 
chloride was an essential ion. Growth was correlated with 
chlorine supply in the culture solution. On the other hand, the 
presence of chloride in excess affects the growth of' most 
plants and/or injury symptoms appear. 
Hayward and Wadleigh (1949) stated that variations in 
chloride content were found to be responsible for the 
variation is osmotic pressure of the tissue fluids (Grillot, 
1954, Hayward, 1954). The necessity of chloride for plant 
growth was emphasized by the fact that in chloride- free 
growth medium, chloride deficiency symptoms and injuries 
appeared early in the life of plants (Broyer et al., 1954). The 
chloride ion was considered to be important in inducing 
succulence (Bannister, 1976). 
2.3 Effect of Salinity on Plant Growth 
Saline soil is a common feature of arid and semiarid 
regions. The presence of salts in soil solution at high 
concentrations has been described as restricting the growth of 
most plants more than any other inhibitory substances 
0 
1L 
(Epstein, 1972). 	The response of plants to high salinity 
depends on factors such as the plant species, the growth 
stage and the ion composition of the root medium and on 
environmental factors. However, these responses (temperature, 
light, humidity etc.) are not necessarily related to the 
adaptability of plant to high salinity. 
Hayward and Wadleigh (1949) maintain that salinity 
tolerance depends on the ability of the plant to a) compensate 
for the increase of osmotic pressure in the root medium by 
increasing the internal osmotic pressure; b) avoid excessive 
accumulation of ions, which is achieved by regulating ion 
uptake and distribution and c) prevent deleterious effects of 
the accumulated ions in the protoplasm. However, Grillot 
(1954) and Hayward (1954) have reviewed the responses of plant 
growth on saline soils and showed that salinity may affect 
plants growth in three ways 
decrease water uptake. 
cause toxic accumulation of sodium and chloride, and. 
reduce nutrient availability. 
Greenway (1962) considered that ion accumulation in the 
plant could mitigate the stress caused by the increased 
osmotic pressure of the substrate. Relative growth rates of 
treated plants decreased, however, and this decline was more 
distinct in the variety with -highest ion accumulation. 
Clemens et al. (1983) reported that the Casuarina species 
which suffered the greatest reductions in growth accumulated 
the highest concentrations of Na and Cl in the shoot tip; 
there were highly significant negative correlations between 
the concentrations of these ions in the shoot tip and mean 
relative growth rate in plants grown at 150 mol m 3 NaCl. 
Growth reduction of most plants grown on saline soil has 
been attributed to the osmotic inhibition of water absorption, 
specific effects of the ions or a combination of the two 
effects (Bernstein and Hayward, 1958). 
It is clear that species differ considerably in their 
ability to tolerate different ions at high concentrations, and 
that at the same time there are some indications that ions 
differ in their ability to promote growth, for example Na is 
more effective than K at low concentrations (Williams, 1960). 
Flowers et al. (1977) stated that more than 90 % of 
sodium ions accumulate in the shoots of halophytes, and at 
least 80 % in the leaves. 
Evidence has been obtained for the preferential transport of 
Na over iC to the shoot of Suaecia maritima while most of the 
Na' absorbed in the roots of Suaecia monoica was eventually 
exported to the shoot. There are apparently large differences 
in ion concentration between different parts of the same 
plant (Greenway and Munns, 1980). Older leaves of glycophytes 
(bean) grown at high salinity usually have higher Cl_  
concentration than younger leaves. Salim and Pitman (1983) 
have confirmed this relation. 
Greenway (1968) has shown that in terms of growth rate 
a salt- accumulating plant will perform better than a 
salt-excluding one at an equivalent degree of osmotic 
adjustment. 
11 
The differences in ability to tolerate increased 
concentrations of ions which have had stimulatory effects at 
lower concentrations gain importance not in the "nutritional" 
role of ability to evoke a growth response but as indicators 
of mechanisms of tolerance on a cellular basis (Floweret al. 
1977). 
Black 1(1960) has affirmed that the specialized sodium 
uptake in the Chenopodiaceae l an essential part of an 
osmoregulatory mechanism. He also emphasized the importance 
of substituting potassium by sodium in a high-potassium 
medium to alleviate the potassium concentration and considered 
this process as osmoregulatory in character rather than 
nutritional. 
Greenway and Munns (1980) reviewed the mechanisms of 
salt tolerance in glycophytes and discussed the possible 
adaptations and/or adverse effects associated with the uptake 
or exclusion of potentially toxic ions. The more resistant 
species in their study are best described as showing adaptive 
ion exclusion coupled with a lesser component of ion 
compartmentatjon in the root. 
The least resistant species were those in which exclusion 
by and compartmentation in the root were not sufficiently 
efficient to prevent transport of Na' and Cl to the shoot, 
where classic salt injury symptoms were observed. Species 
that were only moderately affected by salinity exhibited an 
ion response that could be described as having only partial 
root exclusion/compartmentatjon and hence some transport of 
Na' and Cl to the shoot. It was recognized early on that high 
12 
salinity affected the growth of plant parts (Black, 1956; Meir4 
and Poijakoff-Mayber, 1970; Shaybany and Kashirad, 1978; 
Clemens et al. 1983). 
Rawson and Munns (1984) have shown that salinity 
reduced relative leaf expansion rates per plant of sunflower 
by an average of between 0.04 - 0.08 m 2 m 2 d- I  compared with 
control plants of equivalent leaf area. Control plants 
expanded faster during the day than night, but plants grown 
in salt had an almost constant relative leaf expansion rate 
throughout the 24 hours and this indicated that salt 
influenced the rate of utilization of assimilates. 
Longstreth et al. (1984) studied the effects of salinity on 
photosynthesis and growth in Alternanthera philoxeroicies, and found 
that increasing NaCl concentration from 0 to 400 mol 
resulted in increased leaf thickness which slightly compensated 
for the negative effects of salinity on leaf cell metabolism. 
Moreover, salinity reduced the production of dry weight per 
plant by approximately 84 % in plants grown in '0-400 mol m 
NaCl. Total leaf area per plant was also reduced drastically: 
the effect on leaf area was greater than on dry weight and 
as a result the leaf area per unit dry weight decreased by 73 
% or more. As salinity increases most plants have fewer 
leaves and poor shoot development (Larcher, 1975). Roots are 
also affected by salinity. Increasing salinity leads to 
reductions in root growth, a consequent decrease in uptake of 
nutrients, and thus a reduction in growth of all other plant 
organs. 
Jennings (1976) maintained that the presence of sodium 
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chloride in the nutrient medium of 50 mmol concentration 
exerts a water stress so that cell expansion is inhibited. 
When sodium chloride enters the plant, it appears to have an 
inhibitory effect on cell division. However, the inhibition of 
cell division may not be a direct effect of sodium chloride but 
may result from water stress, particularly if a significant 
proportion of the sodium chloride enters the cell wall. Water 
loss is reduced by a decreased water potential of the cells as 
a result of absorption of sodium chloride (Kemp and 
Cunningham, 1981). In addition, it appears that salinity 
reduces the expansion of growing leaves so the reduction of 
epidermal cell size may be a result of water stress and NaCl 
may directly affect cell division. 
Robinson, et al. (1983) studied the photosynthesis and ion 
content of leaves and isolated chloroplasts of salt-stressed 
spinach. They showed that salinity reduced fresh and dry 
weight of both shoots and roots to less than 50 % of that of 
control plants. The salt-stressed plants had much -thicker 
leaves, and osmotically adjusted to maintain leaf turgor. Leaf 
was decreased but Na and Cl -  were greatly increased while 
the leaf area was reduced. 
Salinity can reduce photosynthesis by reduction in leaf 
area. Reduction in leaf area by salinity is an important cause 
of reduced crop yields. However, there is increasing evidence 
that salinity severe enough to cause stomatal closure 
simultaneously causes inhibition of Co 2 fixation because of 
injury to the photosynthetic apparatus. Many studies have 
concluded that the decline of photosynthesis in response to 
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increased salinity is to some extent the result of decreased 
stomatal. conductance (Longstreth and Nobel, 1979; Robinson, et 
al. 1983). Blacquiere and Lambers (1981) found that salinity 
slightly decreased the rate of net photosynthesis of Plantago 
coronopus. The type of ions and the concentration also have 
severe effects on this process (Gale, 1975). 
2.4 The Effect of Salinity on Water Relations of Plants 
The primary effects of salt are on the water potential 
of soil solution and on the hydraulic conductivity of soil, both 
of which affect the availability of water to plant roots 
(Shainberg, 1975). 
It is well known that saline conditions reduce the water 
in some halophytes, this shortage in water caused by salinity 
is called physiological drought (see Schimper, 1903) and has 
often been considered as the cause of growth inhibition (Eaton, 
1942; Bernstein, 1961). Water shortage also influences the 
mineral contents of plants (Hagan, 1973). Osmotic adjustment 
enables plants, to compete with the stress caused by the 
presence of salts in the soil solution (Kramer, 1983). The 
accumulation of ions within plant tissues tends to maintain a 
gradient of water potential between the plant and soil; this 
explains the problem of absorption water by halophytes. 
However, according to some investigators (Greenway and 
Thomas, 1965) growth inhibition can still be attributed to 
reduced water availability, when osmotic adjustment is not 
completed. Thus, osmotic adjustment is a very important 
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mechanism in drought tolerance, for plants grown in saline 
soils, and it occurs in leaves and roots which maintain cell 
elongation (Turner and Jones, 1980) and stomatal opening. 
The osmotic potential of the sap expressed from leaves 
of plants growing under saline conditions changes in a 
direction which maintains a gradient in water potential 
between leaf and soil to ensure continued flow of water to 
the plant. After taking into account "free space" Bernstein 
(1961, 1963) was able to demonstrate osmotic adjustment in 
the root also. He concluded that water imbalance could not be 
involved in the salinity response but that the damage (stunted 
growth, reduced yield, chiorotic leaves) was due to the nature 
of the osmotic adjustment. Uptake of water is determined by 
the gradient of total water potential between root and soil, 
the water potentials in different plant organs varying greatly 
(Catsky, 1962). 
O'Leary (1969) studied the effect of salinity on 
permeability of roots to water. He used a pressure bomb 
technique, and measured a considerable decrease in passage of 
water through the roots of red kidney bean grown under 
saline conditions; leaf resistance to water vapour diffusion 
was considerably higher in treated plants. Shalhevet et al. 
(1976) have measured the hydraulic conductivity of roots of 
sunflower and tomato by a split-root technique in salinized 
nutrient solution. They found that the relationship between 
water flux through the roots and total water potential 
difference was linear. 
Kaplan and Gale (1972) studied the effect of sodium 
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chloride on the water balance of Atriplex halimus, using the same 
technique, and found that hydraulic conductivity of the root 
• system was lowered by salinity. An attempt was made by 
Waise]. and Pollak (1969) to estimate the water stresses that 
developed around adventitious root systems, using the 
double-root system technique. They established a method by 
which measurements taken from above ground plant organs 
would indicate the water stresses to which the supporting 
roots were exposed. Such a correlation could be used to 
estimate these stresses. 
However, flow of water from the soil into plant roots 
depends on differences in water potentials, on water 
conductivity of roots and soils and on rates of root growth. 
Water flow toward plant roots is negatively affected by 
saline conditions because of reduction in water permeability of 
the soil. 
Bolanos 	and 	Longstreth 	(1984) 	have 	used 	the 
pressure-volume technique to determine the water potential, 
osmotic potential, turgor potential and, bulk elastic modulus of 
shoots of Alternanthera philoxeroides grown in concentration of 0 
to 400 mM NaCl. They found that osmotic potential decreased 
with increasing salinity and that tissue water potential was 
always lower than rhizosphere water potential. Moreover, the 
relationship between turgor pressure and tissue water content 
changed because the bulk elastic modulus (E) increased with 
salinity. As a result salt-stressed plants had larger ranges of 
positive turgor but smaller ranges of tissue water content 
over which turgor pressure was positive. 
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The relationship 	between 	turgor 	pressure and tissue 
water 	content 	is 	governed 	by 	the 	elasticity of tissue, 
typically measured by 	elastic modulus. which has been defined 
as 	the rate 	of change 	of turgor pressure 	with respect to 
changes in 	tissue 	water 	content 	and 	is 	dependent on 	the 
physical properties 	of 	cells 	and 	tissues 	(Tyree and Jarvis, 
1982). 
Another effect of salinity on plant water relations is on 
transpiration. Transpiration is the loss of water, from the 
leaves of plants in the form of vapour. Many reports have 
confirmed the depression of transpiration under saline 
conditions (e.g. Webb, 1966; Abdel Rahman and Sharkawi, 1968; 
Meiri and Poijakoff-Mayber, 1970; Gates, 1972; Eshel and Waisel, 
1984). It was assumed that the presence of dissolved salt in 
the water phase within the mesophyll walls (Waisel, 1972) 
would bring about a reduction in transpiration under saline 
conditions. Hsaio (1973) reviewed the responses of plants to 
water stress and he emphasized that stomatal closure was the 
main cause for transpiration decline when water stress 
develops. The first manifestation of water stress is loss of 
turgor. As a result of turgor loss, growth extension slows 
and, therefore, cell elongation ceases. Both leaves and roots 
are usually affected but the stomatal apparatus is also 
affected and stomatal closure ensues (Hagan, 1973). It has 
been reported for many species that when leaf water 
- potential falls below a certain critical value rapid stomatal 
closure results. 
Thus, we can see that salinity plays an important role in 
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retarding and stunting the growth and development of plants 
and trees. Many workers have emphasized the effect of 
salinity on the growth of plants but little information is 
available concerning the responses of trees and especially 
Eucalyptus camadulensis. 
2.5 Eucalyptus research [background] 
It seems to me that, in the past, E. camaldulensis has gained 
little attention from research workers in comparison with 
agronomic species because the questions concerning salt 
tolerance and mechanism of eucalyptus is still not completely 
answered (Morris, 1980) although eucalyptus grows in arid and 
semi-arid regions. 
Attempts have earlier been made to study the responses 
of E. camalciulensis to saline soil. Bidner-Barhava and Ramati 
(1967) using one year old seedlings planted in a saline desert 
found that this species was very tolerant of salinity 
Other workers also study the effects of flooding and 
water salinity on E. camaldulensis from three seed sources. They 
found that the response varied significantly with the seed 
source and the ability of tolerance related to the orig*n of 
the seeds (Rarschon and Zohar, 1975). Greenwood and Beresford 
(1979) have compared the effect of salinity on transpiration 
rate of E. camaldulensis and E. globulus; they found that E. 
camaldulensis has a lower transpiration rate in saline water 
than E. globulus. Morris (1980) has reviewed the basis of salt 
tolerance in eucalyptus and he pointed out some more useful 
points in determining this tolerance 
At the present time Eucalyptus is well represented in 
the research programme of study of the effect of salinity and 
the species response (Sands, 1981; Blake, 1981; Grunwald and 
Karschon, 1982). 
However, there are many aspects of the response to saliinity 
which need further investigation in view of importance (e.g. 
water relation in Eucalyptus). 
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CHAPTER 3 
THE EFFECT OF SALINITY ON THE GROWTH AND MINERAL 
COMPOSITION OF EUCALYPTUS CANAL DULENSIS 
SEEDLINGS 
3.1 INTRODUCTION 
Plants react to saline soil by a reduction in growth and, 
in most cases by an accumulation of water-soluble solutes in 
tissues. Although plants respond in this manner, there are 
quantitative differences in the degree of response. The degree 
of growth response of plants to salinity, expressed as the 
capacity of a plant to persist under conditions of increasing 
salinity, is called the plants "salt tolerance' (Hayward, 1954) 
and the ability to accumulate increased amounts of solutes is 
known as "osmotic adjustment" (Bernstein, 1963). Apparently 
the reduction in growth of plants in saline habitats is related 
to the accumulation of salt in the plant tissues (Kramer, 1983). 
An earlier experiment carried out by Shaybany and 
Kashirad (1978) investigated the effect of sodium chloride on 
growth and mineral composition of Acacia saligna, an Australian 
species showing tolerance to saline conditions. Six levels of 
salinity were used 0, 48, 96, 144, 192 and 240 mol m 3 . The 
results indicated that increased soil salinity reduced all 
growth components. Moreover, the contents of Na and Cl 
were increased and those of K' were reduced. Shoots 
contained less Na and more Cl than roots indicating greater 
mobility of Cl -  than Na. The P, Mn and N contents of shoots 
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and Fe and N contents of roots were not affected by NaCl. 
The concentration of Mg decreased in shoots but increased in 
roots. 
Recently, Clemens et al. (1983) have shown that in 
Casuarina species there were highly significant (P<0.01) 
negative correlations between the Na and Cl -  concentrations 
in the shoot tip and mean relative growth rate in plants 
grown at 150 mol m 3 . In other words, the species which 
accumulated highest concentrations of Na and Cl in the shoot 
tip were those that suffered the largest reductions in growth. 
Conversely, the species exhibiting relatively little growth 
reduction and no visible symptoms of injury in response to 
saline conditions tended to show the highest levels of root 
Na and Cl - . 
The responses of Eucalyptus carnaldulensis to saline conditions 
have not been widely investigated nor has the potential of 
Eucalyptus in reclamation of salt-affected land been explored. 
This first experiment was designed to investigate the effect 
of salinity on growth rate and mineral composition of 
Eucalyptus seedlings because of the potential use of E. 
carnaldulerisis as a source of wood from plantings on saline soil. 
3.2 MATERIALS AND METHODS 
For the purpose of this investigation seeds of Eucalyptus 
camaldulensis were obtained from Iraq. 
Seeds were sown in trays containing a mixture of sand 
and peat compost, U.C.Mix 2C (Matkin and Chandler, 1957) on 
November 29, 1983, at a pH of 5.8. 
After about 12 days the seeds germinated and then were 
grown on for a further 56 days in a glasshouse, at a 
temperature of about 24 °C. Seedlings were transplanted into 
small pots of the same compost for 3 weeks then transferred 
singly to pots of 280 cm  volume. Once established and when 
seedling height was 10 - 15 cm the salinization of the 
compost was started on March 19, 1984. 
The compost was salinized by addition of solutions of 
sodium chloride in concentrations that were increased 
gradually at two day intervals to achieve certain levels of 
electrical conductivity. The saline solutions were added to 
the compost in amounts sufficient to ensure that all water in 
the compost was replaced by the saline solution. The .solution 
that leached out from the pot was collected and its electrical 
conductivity measured and it was shown to be the same as 
that of the added solution. Hence, we can ensure that the 
desired electrical conductivity of the solution in the compost 
was achieved. Two days later the conductivity was raised 
again by the addition of a solution of a higher concentration, 
and so on until the maximum desired level was achieved. This 
procedure was followed so as not to offer the plants a sudden 
shock and also to let them adapt gradually to salinity. The 
electrical conductivity of the saturations was measured with a 
conductivity meter (model- P310, Portland Electronics Ltd., 
England). The conductivity of the saturation extract is 
recommended as a general method for appraising soil salinity 
in relation to plant growth (Richards, 1954). -The procedure 
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followed to measure the conductivity of the compost was as 
follows: 100 g of oven dried salinized soil was put into a 
flask, mixed with distilled water and shaken by shaker 
(Gallenkamp, London) for one hour until a characteristic end 
point was reached; then the paste was filtered through a No. 
44 filter paper into a 100 cm  volumetric flask. The electrical 
conductivity of the extract was then measured. The special 
advantage of the saturation S extract method of measuring 
salinity lies in the fact that the saturation percentage can be 
directly related to the field moisture range. 
As initial trial showed that all plants died at a 
salinity of 70 inS cm 1 , we selected a range of salinity levels 
below 70 ms cm 
-1  for this experiment. Sodium chloride solution 
was added to the compost at the rate of 0, 128, 275 and 575 
mol m 3  to achieve the following conductivities of 0, 12, 24 
and 48 m: cm 1 . Salinity was gradually increased at a rate of 
128 mol m 3  at two day intervals. The osmotic potential of. 
the soil solution was calculated from the conductivity 
measurements according to Richards (1957) equation 
osmotic potential 0.36 x electrical conductivity 
Thus the osmotic potential of the soil solutions according 
to this equation was 0, -0.43, -0.86 and -1.73 MPa. 
The relation between electrical conductivity and salt 
content of the solution is shown graphically for sodium 
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Fig. 3. 1, Concentration of NaCl solution as related 
to electrical conductivity.( n = 5, r = 0.99) 
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completed, the first harvest was taken on March .27, 1984. 
The trial was conducted as a completely randomised block 
design with three blocks and four treatments, each containing 
sixteen seedlings. Thus the total number of seedlings used 
was 192, plus the 16 harvested initially, thereafter seedlings 
were harvested monthly (64 at a time). The experiment was 
carried on for three months. The second harvest was on 27 
April, 1984, while the third and fourth harvests were on 27 
May and 27 June, 1984 respectively. The following 
measurements were made 
Seedling height (cm). 
Stem diameter (mm). 
Leaf number. 
Leaf area (cm 2 ). 
Fresh weight of plant parts (g). 
Dry weight of plant parts after drying at 90 C for 48 hours (g). 
Relative growth rate (RGR) was calculated for each 
interval between harvests according to Evans (1972) from the 
following equation 
Log W -Log W 
	
e 	2 	e 	1 
RGR = 	-------------------- ---------- (g g 	wk 1 ) 
t -t 
2 	1 
where W and W are the total plant dry weight at time t 2 
and t 1 . 
For analysis of inorganic ions the plant parts of each 
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treatment were bulked together in order to provide sufficient 
material. 	The dried plant samples were then ground by 
ball-mill and 0.1 g of the ground sample was digested with 2 
cm  of concentrated H 2 SO 4 . After shaking well 1 cm  of H 2 0 
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was carefully added and then the tube was placed in a heating 
block at 340 °C for six hours. After cooling the solutions 
were made up to 50 cm  with distilled water. Sodium 
potassium , calcium , and magnesium were determined by atomic 
absorption spectrophotometer (pye tJnicamSP 9 England 
Nitrogen and phosphorus were determined by an automated 
colorimetric method. Chloride was determined by the dry 
ashing method (Allen, 1974) as follows: 2 g of dry ground 
sample was placed in an acid- washed porcelain basin and 
ignited to 400 °C overnight in a muffle furnace; after cooling 
the sample 5 cm  HC1 was added and covered with a watch 
glass and heated on a steam bath for 15 minutes. Then 1 cm  
of concentrated HNO 3 was added and the sample evaporated to 
dryness. Heating was for one hour to dehydrate silica. 1 cm  
1+1 HAtOjwas  added to dissolve the residue which was then 
diluted to 10 cm  with water and warmed to complete 
dissolution. After that the solution was filtered through a 
No. 44 filter paper and diluted to a final volume of 50 cm 3 . 
Chloride was determined by adding AgNO 3 and KSCN to the flask 
in known amounts until a permanent red-brown colour was left 
upon shaking for about one minute. The chloride percentage 
was calculated from 
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(A-B) (cm 3 ) x sample volume (cm 3 ) x 0.3546 
Cl ? - 
aliquot (CM 2 ) x sample weight (g) 
where A is the amount of AgNO 3  and B the amount of KSCN used 
in the titration. 
All the data obtained from the three harvests have been 
subjected to analysis of variance by a Genstat program (Alvey 
et al. 1982). The Duncan multiple range test was applied to 
find whether there were significant differences between the 
means. 
This experiment was repeated because in the first 
experiment the seedlings were affected by mildew and white 
fly and thus gave uncertain results. 
3.3 RESULTS 
3.3.1 Observations of salinity injury 
Six days after completing the application of salinity, 
symptoms of salt effects appeared. The colour of the leaves 
of seedlings treated with 24 and 48 mS cm -1  was paler green 
than the corresponding control leaves, while the colour of the 
leaves of plants treated with 12 mS cm -1  was dark green. No 
salt injury was visible in the seedlings treated with 12 mS 
cm. Between six and twelve days after treatment the 
majority of the leaves on plants treated with 48 mS cm 
turned brown and eventually dropped off. 
Stems of these seedlings, wilted, changed colour to brown 
and died. It was found that a sodium chloride concentration 
of 48 mS •cm -1  caused death of 37.5 of seedlings as well as 
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Plate 3.1,E. carnaldulensis seedlings grown at four salinity treatments 0, 12, 24 
and 48 mS cm 	. Notice the difference in height,diameter, leaf number 
and leafarea. 
severe leaf burns, leaf necrosis and defoliation and stem 
dwarfism. The older leaves of seedlings treated with 24 mS 
cm- 1 also fell off after turning brown. On the other hand, the 
seedlings at 12 mS crri 1 were healthy and apparently grew 
better than the control seedlings, especially in the first 
month. Their leaves were larger, height and diameter of stems 
was bigger and the number of leaves was greater than in the 
control seedlings (Plate 1). 
3.3.2 Effect of salinity on height, diameter, number of leaves 
and leaf area. 
E. camaldulensis seedlings showed the best growth at a 
salinity of 12 mS cm- 1  NaCl during the first month of growth. 
This level of salinity seemed to boost the growth of seedlings 
to various degrees and act as a stimulating agent, whereas 
increased salinity above this level depressed the growth 
considerably. The height of seedlings grown in the 12 mS cm -
treatment was significantly different (P = 0.05) from the 
height of seedlings in the other treatmenS (Table 3.1). 
However, ste'ndiameter of seedlings grown at 12 mS cm- I  did 
not differ significantly from the control, but, they differed 
significantly (P= 0.05) from the other treatments. 
It is clear from Table 3.1 that the seedlings suffered a 
large reduction in their height and diameter growth at 48 mS 
cm 1 . The number of leaves developed well on plants grown on 
saline soil of 12 mS cm- 1  NaCl and differed from the other 
treatments significantly (Table 3.2), while there. was no 
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Table 3. 1, Effect of soil salinity [mS cm 1 ] on height 
and diameter of Eucalyptus seedlings - 
Values are means*SE. [ n = 16 ] 
Harvest 	 salinity 
No. 	0 	 12 	 24 	 48 
Height (cm) 
1 	11.28 
2 	17.47*0.94 	22.35±1.32 	17.55*0.99 	12.29*0.52 
3 	25.40*1.04 	25.37*1.21 	19.44±1.25 	14.06±0.86 
4 	44.66±1.77 	39.04±2.43 	27.530.67 	15.0710.42 
Diameter ( mm) 
1 	2.92 
2 	2.56*0.11 2.79*0.08 2.31*0.06 1.8410.03 
3 	3.0710.08 3.18±0.09 2.61*0.09 1.73±0.03 
4 	4.71±0.09 4.04±0.15 3.08±0.07 1.9010.04 
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Table 3.2 , Effect of soil salinity [mS cm 1 ] on leaf 
number , leaf area and leaf area ratio of 
Eucalyptus seedlings . Values are mean±SE. 
Harvest 	 Salinity 
No. 	0 	-. 	12 	 24 	 48 
Leaf No. 
1 	9.94 
2 10.37*0.68 12.31±0.53 90.00±0.51 5.92±0.46 
3 	13.50±0.68 15.31*0.92 12.50*0.82 6.61*0.61 
4 22.87*1.41 24.81±1.89 18.37*0.93 8.61*0.51 
Leaf area cm  
2 	114.6±8.62 129.7±11.8 97.18*8.07 51.2915.1 
3 163.8±10.3 150.3±10.4 103.5±10.1 42.18*4.8 
4 	280.9*20.6 192.2*23.7 135.8*9.57 32.29±3.5 
Leaf area ratio cm  9- 1 
2 	87.69 	- 85.76 	83.85 	87.68 
3 69.43 44.21 50.52 57.00 
4 	45.38 	40.13 	47.00 	61.62 
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TABLE 3.3, Effect. of salinity on fresh and dry weight of E. camaldulensis seedling parts and root/shoot ratio 
(mean of 16 seedlings + SE). 
Boot 
No. of 	Salinity 	 Fresh weight (g) 	 Dry weight (g) 	 shoot 
Harvest ma cm- 1 Boots 	 Stems 	Leaves 	Roots 	 Stems 	Leaves 	ratio 
2 	 0 1.115 + 0.16 0.712 + 0.06 2.34 + 0.27 0.251 	+ 0.32 0.248 + 0.02 0.808 + 0.06 0.23 
12 2.218 + 0.26 0.998 + 0.08 3.06 + 0.21 0.324 + 0.02 0.344 + 0.02 0.961 	+ 0.06 0.24 
24 1.567 4- 	0.15 0.635 + 0.02 2.06 + 0.15 0.245 -- 0.00 0.223 + 0.00 0.691 	+ 0.05 0.26 
48 0.691 .'- 	0.07 0.328 + 0.02 1.03 + 0.1 0.128 + 0.111 	+ 0.00' 0.346 + 0.03 0.28 
3 	 0 2.96 + 0.28 1.507 + 0.12 4.08 + 0.24 0.852 + 0.03 0.637 + 0.03 1.87 	+ 0.08 0.34 
12 3.58 4- 	0.31 1.605 + 0.15 4.39 + 0.32 0.887 + 0.03 .0.823 + 0.05 1.702 	i- 0.09 0.35 
24 1.95 + 0.2 0.938 ... 	0.10 2.89 	-i- 0.24 0.482 + 0.02 0.365 + 0.03 1.205 	-i- 0.08 0.30 
48 0.81 .- 	0.11 0.326+ 0.02 0.96 + 0.10 0.21 	+ 0.0 0.156 + 0.00 0.374 + 0.03 0.40 
4 	 0 4.02 +0.65 3.63 +0.23 9.53+0.62 1.403+0.14 1.316+0.08 3.475+0.23 0.29 
12 4.68 + 0.55 3.00 t 0.47 6.84 + 0.64 2.109 + 0.11 1.122 	4- 0.19 2.559 	i- 0.24 0.30 
24 3.71 + 0.61 1.31 - 	0.15 4.08 + 0.30 0.717 + 0.10 0.532 + 0.06 1.639 + 0.12 0.33 
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Fig. 3.2, Tirnecourse of growth of fresh weight of leaves, 
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Fig. 3.3 Timecourse of growth in two salinity treatments 
a = 24 and b = 48 MS cm 1  for • = leaves 
= roots and •= stems of E. camaldul.eflSis. 
I SE for root and stem =oo2] 
significant difference between the control seedlings and those 
grown at 24 mS cm' 1 NaCl. However, there was a large 
reduction in the number of leaves on plants grown at 48 mS 
cm 1 . Moreover, leaf area per plant was also bigger on saline 
soil of 12 mS cm- r  but, increasing salinity resulted in a 
significant reduction in area of leaves per plant. Leaf area 
ratio (leaf area per plant divided by dry weight) decreased 
with increasing salinity levels (Table 3.2). Leaf area also 
reduced markedly with increasing time of exposure to salinity, 
as seen in Table 3.2. 
3.3.3 Effect of salinity on fresh and dry weight 
The growth response of E. camaldulensis seedlings to saline 
soil is presented in Table 3.3. There was a considerable 
increase in fresh and dry weight of all plant parts of the 
seedlings treated with a salinity level of 	12 mS cm- 1 	between 
the 	first 	and 	second harvests. 	The increase 	in fresh weight 
of 	seedling 	parts 	did 	not 	occur uniformly 	throughout 	the 
seedling but 	occurred 	predominantly in 	the 	leaves 	(Fig. 	3.2) 
during the period of growth. 
The fresh weight of the whole seedlings grown in saline 
soil of 	48 	mS cm -1 	decreased significantly (P<0.05) compared to 
the control 	seedlings, the 	reduction being most pronounced in 
stems (Table 3.3). 	During the course of the experiment the dry 
weight of stems showed large reductions in treatments 24 and 
48 	mS 	cm- 1 	compared 	with 	leaves and 	roots 	(Fig. 	3.3a,b). 
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Fig. 3.4, Timecourse of growth of dry weight of leaves 
roots and stems of E. camaldulensis in the 




grew 	similarly 	(Fig. 	3.4). 	It 	is 	apparent from Table 	3.3 	that 
increasing 	the 	period 	of 	exposure 	of seedlings 	to 	saline 
conditions decreased 	their fresh and 	dry weight. 	We can see 
also 	in Table -3.3 	that 	increasing salinity resulted in increased 
ratios 	of root/shoot dry 	weight and 	this suggests that root 
growth was less inhibited by salinity than shoot growth. 
The 	ratio 	of 	fresh 	weight 	to 	dry weight 	of 	seedlings 
increased 	with 	increasing 	salinity 	(Fig. 3.5a). 	At 	all 	three 
harvests, 	the 	ratio 	of 	fresh 	weight/dry 	weight 	was 	the 
highest 	in 	the 	roots 	(Fig. 	3.5b), lower 	in 	the 	leaves (Fig. 	3.5c), 
and 	lowest 	in 	stems 	(Fig. 	3.5d). 	Clearly, the 	roots are 	the 
most succulent part of the seedling, with the largest ratio of 
fresh/dry weight. 
3.3.4 Effect of salinity on relative growth rates. 
Relative growth rate of seedlings was stimulated by 
salinity of 12 n S cm-1  at the first harvest above the control. 
However, between the second and third and third and fourth 
harvests the relative growth rate decreased considerably in 
this treatment, whereas the relative growth rate of control 
seedlings decreased only slightly with time (Fig. 3.6). Relative 
growth rate of seedlings in the 24 mS cm 1 treatment decreased 
markedly compared to the control and at 48 mS cm -1 the 
seedlings suffered a large reduction in relative growth rate, 
the reduction increasing with the period of exposure to 
salinity. 
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Fig. 15b, The effect of salinity treatments on the ratio 
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Fig. 3.5c The effect of salinity treatments on the ratio 
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Table 3. 4 , Average and range of measured values 
of growth at harvest two. 
e.- 
No. Description Symbol Units Growth measurent 
Mean Range 
1 Height H cm 17.46 12.29--22.54 
2 Diameter D mm 2.37 1.84-- 	2.79 
3 Leaf Nd. LN - 9.40 5.92--12.31 
4 Leaf area LA cm  100.7 51.29--139.7 
5 Root Fr. 	Wt. RF g 1.39 0.69-- 	2.21 
6 Stem Fr. Wt. SF g 0.66 0.32-- 0.99 
7 Leaf Fr. 	Wt. LF g 2.12 1.03-- 	3.06 
8 Root Dr. Wt. RD g 0.23 0.12-- 0.32 
9 Stem Dr. 	Wt. SD g 0.23 0.11-- 	0.34 
10 Leaf Dr. Wt. LD g 0.70 0.34-- 0.96 
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Table 3. 5 , Average and range of measured values 
of growth at harvest three 
No. 	Description Symbol 	Units 	 Growth measurement 
Mean 	Range 
1 Height H 
2 Diameter D 
3 Leaf No. LN 
4 Leaf area LA 
5 Root FR. Wt. RF 
6 Stem FR. Wt. SF 
7 Leaf FR. Wt. LF 
8 Root Dr. Wt. RD 
9 Stem Dr. Wt. SD 
10 Leaf Dr. Wt. LD 
cm 21.06 14.06 	-- 25.40 
mm 2.64 1.73 	-- 3.18 
-- 11.98 6.61 	-- 15.31 
cm  115.00 42.20--163.89 
g 2.32 0.81 	-- 3.58 
g 1.06 0.32 -- 1.60 
g 3.77 0.96 	-- 5.68 
g 0.60 0.21 	-- 0.88 
g 0.43b 0.15 	-- 0.82 
g 1.28 0.37 -- 1.87 
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Table 3.6 	Average and range of measured values 
of growth at harvest four 
f
e- 
No. 	Description Symbol Units 	Growth measurment 
Mean 	Range 
1 Height H cm 31.57 15.57 -- 	44.64 
2 Diameter D mm 3.43 1.90 -- 	4.71 
3 Leaf No. LN -- 18.66 8.61 -- 	24.81 
4 Leaf Area LA cm  15.17 7.60 -- 24.70 
S Root FR. Wt. RF g 3.16 0.23 -- 	4.68 
6 Stem FR. Wt. SF g 2.06 0.32 -- 	3.63 
7 Leaf FR. Wt. LF g 5.30 0.77 -- 	9.53 
8 Root Dr. Wt. RD g 0.83 0.10 -- 	1.40 
9 Stem Dr. WT. SD g 0.77 0.12 -- 	1.31 
10 Leaf Dr. Wt. LD g 1.98 0.28 -- 	3.47 
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Table 3.7,. Correlation matrices for growth measured values 
of Eucalyptus seedlings of harvest two. 
H 	D 	LN 	LA 	RF 	SF 	LF 	RD 	SD 	LD 
H 1.00 
D 0.95 1.00 
LN 0.97 0.99 1.00 
LA 0.93 0.94 0.94 1.00 
RF 0.95 0.82 0.85 0.85 1.00 
SF 0.99 0.97 0.99 0.92 0.91 1.00 
LF 0.98 0.99 0.99 0.95 0.89 0.99 1.00 
RD 0.98 0.97 0.98 0.97 0.91 0.98 0.99 	1.00 
SD 0.99 0.98 0.99 0.93 0.91 0.99 0.99 	0.99 	1.00 
LD 0.96 0.99 0.99 0.96 0.84 0.97 0.99 	0.98 	0.98 	1.00 
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Table 3.8, Correlation matrices for growth measured values 
for Eucalyptus seedlings at harvest three. 
H 	D 	LN 	LA 	RF 	SF 	LF 	RD 	SD 	LD 
H 1.00 
D 0.98 1.00 
LN 0.93 0.98 1.00 
LA 0.99 0.98 0.92 1.00 
RF 0.97 0.97 0.95 0.94 1.00 
SF 0.99 0.97 0.93 0.97 0.98 1.00 
LF 0.62 0.74 0.82 0.66 0.61 0.58 1.00 
RD 0.99 0.97 0.92 0.98 0.98 0.99 0.58 	1.00 
SD 0.95 0.94 0.92 0.92 0.99 0.97 0.53 	0.97 	1.00 
LD 0.98 0.98 0.94 0.99 0.94 0.97 0.70 	0.97 	0.90 	1.00 
Table 3.9 , Correlation matrices for growth measured values 
of Eucalyptus seedlings at harvest four 
H D LN LA RF SF LF RD 	SD 	LD 
H 1.00 -. 
D 0.99 1.00 
LN 0.94 0.92 1.00 
LA 0.97 0.98 0.86 1.00 
RF 0.87 0.86 0.97 0.80 1.00 
SF 0.99 0.98 0.91 0.96 0.82 1.00 
LF 0.99 0.99 0.89 0.99 0.82 0.98 1.00 
RD 0.99 0.99 0.94 0.98 0.88 0.98 0.99 1.00 
SD 0.99 0.99 0.92 0.96 0.84 0.99 0.98 0.98 	1.00 
LD 0.99 0.99 0.91 0.99 0.85 0.98 0.99 0.99 	0.98 	1.00 
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experimental 	observations 	at 	harvest 	two, 	three and 	four, 
respectively. 	There 	were 	large 	effects of 	high levels 	of 
salinity on 	the 	measured 	values. 	Tables 3.7,3.8 	and 3.9 	show 
the 	correlation 	matrices 	for 	seedlings grown 	at different 
salinities. 	Tables 	3.7 	and 	3.8 	show that the fresh weight of 
roots 	was 	not 	correlated 	as 	highly 	as the 	other measured 
values 	with stem 	diameter, 	number 	of leaves 	and leaf 	area. 
Table 	8 	shows 	that 	leaf 	fresh 	weight is 	not 	significantly 
correlated 	with 	all 	measured 	values 	of growth. Root 	dry 
weight 	is 	significantly 	correlated 	(r 	= 	0.88) 	with 	root 	fresh 
weight at the fourth harvest. 
3.3.5 Effect of salinity on mineral ion concentration and distribution. 
In the plants not exposed to saline conditions (Control), 
the Na and Cl -  concentrations of the plant parts ranged 
between 0.03 - 2.04 °a and 0.08 - 0.64 % of dry weights 
respectively, with the highest values found in the roots 
rather than in the stems or leaves. Increasing salinity tended 
to increase Na and Cl concentrations in the plant parts. The 
highest level of Na concentrations was found in the roots of 
seedlings treated with 48 mS cm- 
1  (Fig. 3.7a ) and the 
concentration of Na' increased with the period of exposure to 
salinity. A lower value of Na concentration was found in 
leaves and the lowest is in the stems (Fig. 3.7b and c). 
Conversely, the concentration of Cl was highest in the leaves 
(Fig. 3.8a) where it increased with time. The concentration of 
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Table 3.10 , The effect of soil salinity [mS cm 1 1 on mineral 
concentration [ % dry weight ] of seedling parts 
grown at different salinities levels 
salinity 	 Ion concentration % 
treatments Na 	Cl 	K 	N 	P 	Ca 	Mg 
Root 
0 0.31 0.08 1.55 2.60 0.45 1.32 0.38 
12 1.28 0.14 1.42 2.77 0.65 0.92 0.45 
24 1.69 0.24 1.30 2.48 0.65 1.13 0.39 
48 1.74 0.32 1.22 2.70 0.31 1.13 0.36 
Stem 
0 0.11 0.10 1.87 3.00 0.48 1.06 0.21 
12 0.28 0.19 2.00 3.24 0.66 1.00 0.22 
24 0.44 0.23 1.78 2.59 2.59 0.61 0.22 
48 1.12 0.36 1.70 3.45 0.47 1.55 0.28 
Leaf 
0 0.05 0.12 1.63 0.60 0.46 0.73 0.29 
12 0.33 0.25 1.70 0.72 0.62 0.95 0.31 
24 0.68 0.28 1.65 1.20 0.39 1.08 0.33 
48 1.16 0.43 1.32 1.27 0.37 1.15 0.31 
We can see in Figures 3.7 and 3.8 that there was much more 
Na than Cl in the plants and this indicates a tendency for 
preference of Na relation to Cl. 
It is clear now, that the seedlings which accumulated the 
highest concentrations of Na and Cl -  in their roots and leaves 
were those that suffered the greatest reductions in their 
growth. There were negative correlations between the 
concentration of Na and Cl -  ions and the relative growth rate 
of seedlings grown in saline soil. In other words the seedlings 
which contained the highest concentrations of Na and Cl -  had 
lower relative growth rates. Potassium concentration in all 
seedling parts tended to decrease with increasing salinity. 
Highest K concentration was found in the stems (Table 3.10) 
the concentration was lower in the leaves and the lowest in 
the roots (Table 3.10 ). The presence of a high concentration 
of ions tended to reduce the concentration of K ions. The 
K/Na ratio fell with increasing salinity. This relation was 
more pronounced in leaves than in roots, the decline was 32.6 
- 1.14, 27.6 - 1.24 and 45.0 - 0.4 at harvests 2, 3 and 4, 
respectively. Table 3.10 shows that nitrogen content was 
unaffected by salinity in the plant parts; the P content of 
roots and leaves was slightly reduced by salinity ; Ca slightly 
increased in stems with increasing salinity, while Mg increased 
in stems and leaves with increasing salt treatment, although 




The problem of the effect of soil salinity on the growth 
of E. camaldulensis seedlings has been investigated very little in 
the past and information is lacking concerning the tolerance of 
E. camalciulensis and its responses to salinity. E. camaldu!er'sis is 
considered a salt tolerant species (Bidner-Barhava and Ramati, 
1967). Blake (1981) attributed its tolerance to physiological 
factors and genetic differences. E. camaldulensis been shown to 
grow rapidly in soils of different salinity, and this is 
considered an important ability in view of the economic value 
of this species of tree. 
Sands (1981) supported the idea of differences in tissue 
tolerance to Na. and Cl -  ions and ascribed the salt tolerance 
of this species to this, rather than to tolerance of water 
stress that might be caused by the ions. Damage to seedlings 
treated with a high level of salinity (48 mS cm -1 ) was 
observed and this damage was positively correlated with 
accumulation of Na 4 and Cl within the seedlings,indicating that 
the degree of injury increased with increasing Na 4 and/or Cl 
ions within the plant (Greenway, 1962). Osmotic adjustment 
was achieved at low salinity by accumulation of suitable 
amounts of Na and Cl -  leading to beneficial growth (Flowers, 
et al. 1977). In high salinity osmotic adjustment led to the 
accumulation of ions in high concentrations which are 
considered toxic to plants and adversely to affect their 
growth (Morris, 1980). Chloride ions accumulated to the 
highest concentration in the leaves, but leaf injury occurred 
at even lower chloride concentrations (EHlig,1960 ) . Sodium 
ions accumulated in leaves to relatively high concentrations as 
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well. The presence of these ions at high concentrations in the 
leaves may have led to the development of injury symptoms in 
the plants, which eventually wilted and almost died at 48 mS 
cm  in the 24 mS cm treatment the older leaves 
wilted and died and in this way the seedlings may have been 
able to rid themselves of the excess ions (Rush and Epstein, 
1981; Yeo, 1983). 
The highest Na concentration was found in the roots of 
the seedlings treated with 48 mS cm and these were the 
seedlings which achieved the poorest growth. It is clear that 
when Na and Cl -  ions accumulate to high concentrations injury 
symptoms result anJ death may beçcausd. . However, the 
presence of NaCl in the soil solution in suitable amounts (12 
ms cm 1)  resulted in increasing the chlorophyll content (see 
also Shaybany and Kashirad, 1978). 	Seedlings of E. camaldulensis 
positively responded to salinity at 12 mS cm 	(Fig. 3.6) and 
this can be considered the optimal level for growth (Richards, 
1954; Tables 3.1,3.2 and 3. 3). It has been suggested that any 
growth stimulation by NaCl may he caused by a specific effect 
of Na in the plant species (Marschner et al. 1981). Therefore, 
reduction in growth may be attributed to the accumulation 
of high concentrations of Na and Cl -  in plant tissues (Gates, 
1972; Morris, 1980). Leaf area per plant was markedly 
decreased at high levels of NaCl, suggesting that accumulation 
of Na and Cl ions in leaves reduced the elongation and 
division of cells Maisel, 1972). This supports the result found 
by Longstreth et al. (1984). Glenn and O'Leary (1984) showed 
that the growth of some halophytes was stimulated by 180 
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mol m 3 NaCl. 	Moreover, water content of most species 
increased. 	They concluded that water content and ion 
accumulation within a halophyte appeared to produce a 
constant osmotic potential gradient relative to the external 
salinity. Previously, Yeo and Flowers (1980) attributed the 
growth stimulation by NaCl in Suaeda maritirna to the relationship 
between salt uptake and turgor pressure leading to enhanced 
extension of the growth. However, it is well known that ions 
differ considerably in their ability to promote growth. For 
example Na "'  was found more effective than potassium at low 
concentrations (Williams, 1960). This may be related to the 
differences in the mobility of the two ions within plant cells. 
It was suggested that sodium ions increased the succulence of 
the plants (Jennings, 1968). This supported the results of 
Glenn and O'Leary (1984). The Water content of roots was 
/ 
higher than inhe stems and this is thought to be an 
adaptation to saline soil. It is believed that absorption of 
water in highly saline soil mitigates the stress caused by Na 
and Cl ions in the root (Rains, 1972, Kaplan and Gale, 1972). 
The presence of Cl ions at high concentrations in the leaves 
indicated the high mobility of this ion to move upwards to the 
upper parts of Eucalyptus seedlings (Bidner_Barhava and Ramati, 
1967; Sands, 1981). 
This experiment showed two aspects of plant responses 
to soil salinity - one is the reduction in growth commonly 
found at high concentrations and the other is the presence of 
Na and Cl in plant parts with associated damage. 
In general E. carnaldulensis showed some tolerance to salinity 
because it survived at a high salinity level and grew 
satisfactorily especially at 24 mS cm -1 . The result of this 
study suggests that this species could be used successfully in 
reclaiming soils of moderate salinity. 
CHAPTER 4 
THE EFFECT OF SALINITY ON THE CONDUCTANCE OF 
ROOTS AND LEAVES AND ON THE TRANSPIRATION RATE 
OF E CAMALDULENSIS SEEDLINGS. 
4.1 Introduction 
The flux of water through the plants from the roots to 
the atmosphere encounters a number of resistances 
Kramer,1983).An analogy between flow of water in the plants 
and the flow of electricity has been assumed (Van den Honert, 
1948). 
The flux of water into plant roots is governed by the 
total water potential difference and resistance, or inversely, 
the apparent conductance of water through the roots. In the 
past root resistance to water flow has been given much 
attention (kramer , 1969 ; Dalton, 1975; Fiscus, 1975) because 
of its effects on the plant water economy and attempts are 
still going on to explore the relationship between 
transpiration and hydraulic resistance of roots (Passioura, 
1984; Passioura and Munns, 1984). In studies of salinity most 
of the early work was aimed at showing the effects of water 
flow on the rate of salt uptake and transport to the shoot 
(Black, 1956; Kramer, 1969). The concentration of salt in the 
root medium is known to affect plant water status because it 
lowers the osmotic potential of the soil solution and prevents 
the uptake of water leading to a. shortage of water within 
the plant, consequently water stress may develop, resulting in 
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reduced stomatal opening and transpiration. 	Moreover, 
accumulation of ions within the plant parts (root, stem and 
leaf ) appeared to affect the plant water balance because of 
its specific effect. 
This work was undertaken to asses the effect of salinity 
on root conductance, stomatal conductance and transpiration 
rate of E. camaldulensis under controlled conditions and different 
levels of salinity. The data obtained were used to estimate 
the effects of salinity on the flow of water through the 
seedlings. 
4.2 Materials and Methods 
Three separate experiments were conducted in a growth 
room, a growth chamber and a glasshouse. 
1. 	Seedlings of E. camaldulensis were raised for seven months 
in a glasshouse before being transferred to a growth room 
where the experiment was carried out under controlled 
conditions; temperature was maintained at 25 0C, relative 
humidity 40 - 50 %, vapour pressure deficit 18 - 20 - bar, 
photoperiod 16-hours starting at 7.00 h and the photon flux 
density was 0.6 mmol m 2 s. CO 2 concentration in the growth 
room was measured by an infra- red gas analyser (Binos 2, 
Leybold-Heraeus, Germany). 
Seedlings were transferred to the growth room one week 
before the start of the experiment to let them acclimate to 
the new conditions. Three levels of sodium chloride were used 
in salinization of the soil. These were conductances of 0, 24 
and 48 mS cm- 1.  Salinity was increased in a range of 12 mS 
cm 1 per two days in order to allow the seedlings to adjust to 
the saline soil. After completing salinization of the soil, 
all the pots were wrapped in double polyethylene bags which 
were tightened around the stem base to prevent evaporation 
from the soil surface. Transpiration was determined 
gravimetrically using a top-pan balance (model 2204, Germany) 
by weighing the pots at 3-hour intervals starting at 8.00 h. 
When the measurements at 20.00 h were finished the 
polyethylene bags were opened and left open until the next 
day and the seedlings were watered. This process was 
repeated four times. The whole experiment was carried out 
for eight days while the measurements were made over four 
days. Finally, the leaves were removed to determine the leaf 
area with a leaf area meter (model LI-Cor , Lincoln, USA ) 
Leaf fresh weights were recorded and all the leaves were 
then dried in an oven at 90 0C for 48 hours to determine the 
dry weight. Dried leaves of each treatment were bulked 
together and ground up in a ball mill (model 8000-11, 
Glencreston, England). Determination of Na, Cl, N, P, K, Ca and 
Mg % of dry weight were carried out by the same methods as 
in Chapter 3, Section 2. The experiment was designed as a 
completely randomized block design. There were three blocks, 
each block containing three treatments, with five seedlings in 
each treatment. Transpiration rates were expressed on a leaf 
area basis. All data were subjected to analysis of variance 
and the means were separated by Duncans multiple range test. 
Six-month-old potted seedlings that had been grown 
fromSeed in a glasshouse were transferred to a controlled 
environment growth chamber. Day temperature was maintained 
at 25 °C, night temperature at 19 0C, vapour pressure deficit 
at 18-20 m bar and the photoperiod was 16-hours starting at 
7.00 h, photon flux density was 0.8 mmol m 2 s'. Ten days 
after transfer, salinization of the soil was started at a rate 
of 12 mS cm-1 per two day interval to achieve salinity levels 
of 0, 24 and 48 mS cm 1 . Stomatal conductance was measured 
with steady state porometer (model LI-1900, LI-Cor, Lincoln, 
USA ) 	, six times a day starting at 8.00 h. Plants were 
watered at night only. The experiment was carried out for 
four days. The experiment was designed as a completely 
randomised block design. There were three blocks, each block 
containing one level of sodium chloride, ten seedlings in each 
treatment. All data were subjected to analysis of variance 
and the mean were separated by Duncans multiple range test. 
Six-month-old seedlings which had been grown in a 
glasshouse where the temperature was 24 2 0C were used in 
this experiment. 
Seedlings were grown in saline soils for 60 days (24.6.84 
- 24.8.84) at three levels of sodium chloride: 0, 24 and 36 mS 
cm 1 . At the end of this period three roots from each 
treatment were washed very carefully from the soil in order 
to use them in the estimation of root conductance. To 
measure conductance the roots were put in a small flask filled 
with distilled water that had been deaerated by vacuum and 
ultrasonic agitation. The flask with the roots was enclosed 
inside pressure chamber with the end of the root (base of the 
stem) protruding from a hole in the lid of the chamber and 
sealed with a rubber washer. Water flow through the root 
was collected by a small tube filled with tissue the weight of 
which was recorded before and after water was collected. 
Pressure (0 to 0.6 MPa) was applied on the root for short 
periods of 10 minutes each time. Flow of water through the 
roots was calculated according to the Darcy equation 
where q is water flux (cm 3 	 MPa the differences in 
hydrostatic pressure and k the hydraulic conductance of the 
root (cmi MPa 1 S 1 . 
4.3 Results 
4.3.1 Effect of Salinity on Leaves 
In experiment 1, the majority of leaves grown at a 
salinity of 48 mS cm-1 wilted and became brown in colour after 
4-5 days of complete salinization of the soil. Table 4. 1 
shows large reductions both in the fresh and dry weights of 
the leaves grown at the highest level of salinity,and it is 
clear that increased salinity also resulted in reduced water 
content of the leaves in other words, there was negative 
relationship between salinity and leaf water content (Table 4.1 
) and this relation JGS most pronounced in the leaves grown 
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Table 4.1 , Effect of soil salinity [ mS cm 1 J on leaves 
fresh and dry weight, leaf water content and 
and leaf area cm1 of Eucalyptus seedlings 
[n15] . Exp.1. 
Salinity 	Fresh wt. 	Dry wt. 	Water cont. 	Leaf area 	leaf No. 
treatment g/plant g/plant (F.wt.) cm  
0 7.76 2.66 66 273.9 21.8 
24 6.88 2.28 67 262.9 17.6 
48 2.91 1.95 33 151.9 12.3, 
Table 4.2, Effect of soil salinity [ m  cm 1 ] on chemical 
elements in E. camaldulensis leaves [% dry wt.]. 
Exp. No.1. 
Salinity 	Na 	CL 	K 	N 	P 	Ca 	Mg 
0 0.07 0.20 1.70 1.22 0.77 1.43 0.28 
24 1.90 0.27 1.63 1.10 1.04 1.08 0.25 
48 2.70 0.33 1.34 0.96 1.05 1.48 0.31 
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at 48 mS cm-1 . Leaf area per plant was decreased with 
increased salinity (Table 1) and there was a positive relation 
between leaf area and leaf water content ( Table 4.1). 
It is apparent from Table 4.2 that the leaf content of 
Na and ci; increased with salinity. Na accumulated in the 
leaves at a high concentration which was toxic and caused 
injury to the leaves while K and N decreased with increased 
salinity, P, Ca and Mg increased with increased salinity. 
Fig.4.1 (a, b) indicates that there was a negative relationship 
between Na and Cl -  ions and leaf dry weight. 
4.3.2 Transpiration Rates 
Transpiration rates of control seedlings were highest in 
the morning between 8.00 h - .11.00 h and lowest in the 
afternoon between 17.00 h - 20.00 h. Transpiration rates 
varied greatly between control and treated seedlings (Fig. 4.2). 
It is clear that increased salinity, resulted in reduced 
transpiration rates. The transpiration rates of the seedlings 
treated with 48 mS cm -1 were reduced almost to zero after 
the first day (see appendix 4.A)and the leaf water content was 
also sharply reduced (Table 4.1). Generally, we can conclude 
that accumulation of high concentrations of Na' and Cl - in the 
leaves negatively affected transpiration rate and almost 
stopped it. But at 24 mS cnf 1 transpiration rate was reduced 
throughout the course of the experiment. 
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The 	stomata 	of 	the 	control 	seedlings 	opened 	in 	the 
morning, 	remained 	open 	throughout 	the 	day 	and 	closed 	by 
evening 18.00 h (Fig. 4.3). 	Stomatal conductance of the control 
seedlings 	was higher 	than 	in 	any 	of 	the 	treated 	seedlings. 
Whereas 	the stomatal 	conductance 	of 	the 	seedlings 	treated 
with 48 mS cm- 1  was extremely low. 	Whereas the stomata of 
the seedlings treated with 24 mS cm- 1  were partially open and 
the 	loss 	of water 	was 	very 	little 	( 	 see 	Appendix 	4.B 	). 
Evidently, 	the presence of Na' 	and Cl 	in the 	leaves at high 
concentrations reduced the opening of stomata (Fig. 4.3). 
4.3.4 Root Conductance 
The effect of salinity on the hydraulic conductance of 
the root was determined in pressure chamber under controlled 
climate 
There was a linear relationship between the flux of 
water through the roots and the pressure difference across 
the roots (Fig. 4.4). The slopes of the lines in Fig. 4.4 
represent the hydraulic conductances '(K) of the roots. Thus, 
for the control seedlings K was 0.0117, for 24 mS cm -1 treated 
seedlings 0.010 and for 36 mS cm-1 treated seedlings 0.0092 cm 3 
MPa1 s.  Very little water could be forced through the roots 
of treated seedlings under pressure as compared to the roots 
of control. Thus, salinity reduced the permeability of the 
roots to water flow but not to a large extent. Table 4.3 
gives the coefficients describing the linear lines of Fig. 4.4. 
Hence, the presence of Na and Cl ions in the root decreased 
Fig. 4.4, 
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Table 4. 3, Linear coefficients for water flux I q 
	
versus water potential differnce 	$ 
of Fig.6. 
Salinity 	intercept 	SLOPE 	 r 
in S cm-1 cm3S 	 cm 3MPa 1 
0 	 - 0.00007 	 0.0117 	 0.99 
24 	 - 0.00010 	 0.0100 	 1.00 
48 	 - 0.00013 	 0.0092 	 0.99 
i&I 
the permeability of the roots to water flow. 
DISCUSSION 
The influence of salinity on transpiration and plant water 
balance has attracted the attention of physiologists and 
ecologists because of its effects on plant growth and 
metabolic processes. 	It is well documented that salinity 
reduces plant growth (e.g. Greenway, 1962; Kaplan and Gale, 
1972; Blacquiere and Lambers, 1981; 	Epstein, 1985 
Okusanye and Fawole, 1985) when salts are present in high 
concentrations that are considered to be toxic (Eaton, 1942). 
In these experiments with E. camaldu!ensis the reduction of plant 
growth was expressed by lowered dry weight yield, decreased 
leaf number and smaller leaf area per plant (Table 4.1). The 
influence of salinity on plants ha 	been distinguished as 
resulting from both osmotic and ionic effects (Bernstein and 
Hayward, 1958), although the relative importance of these two 
effects has been disputed (Bernstein, 1975). It appears from 
the results that specific ion effects played an important role 
in reducing the growth and leaf water content (Table 4.1) of 
the E.camaldtilensis seedlings besides the osmotic effects, the 
effect was greater in the leaves which contained a high level 
of Na and Cl (Table 4.2, Fig. 4.1) which is probably the main 
cause of dehydration of the leaves. Accumulation of Na and 
Cl -  within the plants, is believed to impair the plant, water 
balance (Bernstein and Hayward, 1958; Gale, 1975) by reducing 
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the water absorption fror4oil, the osmotic potential of plant 
tissues and also decreasing leaf water potential (Glenn and 
O'Leary, 1984). 
The anatomy of E. camalciulensis leaves has been described 
previously (Pereira and Kozlowski, 1976). Some of the 
important features are as follows: 
stomata were numerous but small in size and waxes were 
more abundant on the abaxial than on the adaxial surface and 
were arranged perpendicular to the leaf surface. Stomata per 
unit of surface were 40 % fewer on the adaxial than on the 
abaxial surface and the guard cells were short and thick. 
Plate 4.1 shows the size of stomata of E. camaldulensis and the 
number, there are a large number of stomata of quite small 
size which governs the process of transpiration. It is clear in 
Fig. 4.2 that control seedlings had the highest rate of 
transpiration during the course of the experiment, while the 
salt- treated seedlings had lower transpiration rates. There 
was a pronounced similarity between the effect of salinity on 
leaf area, transpiration rate and stomatal conductance. 
Meiri and Poljakoff-Mayber (1970) attributed the 
reduction in transpiration rate to reduction of leaf area and 
also partial closure of the stomata (HsiQ 1 1973; Sinclair, 1980). 
The degree of stomatal closure depended on the amount of Na 
and Cl within the leaves (Fig. 4.3), these ions thought to 
exert a stress on stomata leading to increase in the level of 
closure, which decreased transpiration. it was stated that 
the presence of Na in the guard cell increased its turgor and 
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Plate 4.1, Microscopic abaxial leaf surface of E. camaldulensis 
showing the size of stomata.( X 50 ) 
Hanks (1974) has classified the different response functions of 
transpiration into two groups as follows: 
sharp break responses which consist of a constant transpiration rate. 
gradual decrease 	functions where transpiration declines 
slowly with a decreasing water content 
The differences among the various response functions have 
been attributed to - differences amongst species .in physiology, 
and to differences in transpiration demand. It is apparent 
from our results with E. camaldulensis that both sharp break 
and gradual decrease responses can be exhibited by plants of 
one species, the difference in behaviour being caused by salt 
treatment. Eshel and Waisel (1984) have attributed the 
reduction in transpiration to the ionic effect of NaCl rather 
than osmotic one. The results of these experiments confirmed 
that of Kaplan and Gale, (1972) who showed that increased 
stomatal resistance to water loss resulted in improved plant 
water balance. Stomatal responses under saline conditions 
would be more useful than transpiration rate as indicators for 
drought tolerance (Pereira and Kozlowski, 1976), because 
salinity increased stomatal closure and reduced water loss 
which maintain water within plant. The same conclusion was 
presented by Kozlowski et al. (1974) who emphasized the 
importance of variations between species in control of 
stomatal aperture in influencing internal water balance. 
Recently, special attention has been given to the influence 
of salinity on the hydraulic conductance of roots. Klepper 
(1967) stated that the permeability of the roots decreased 
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with increase in the external osmotic pressure. She calculated 
the root conductivity by dividing the flow rate by the osmotic 
pressure difference from the medium to the xylemSap. O'Leary 
(1969) found that; the same result with red kidney bean and 
the leaf resistance to water vapour diffusion being 
considerably higher in plants grown in salinized solution 
(Kaplan and Gale, 1972; Parsons and Kramer, 1974; Shaihevet et 
al. 1976; Munns and Passioura, 1984). However, our data (Figs. 
4.2,4.3 and 4.4) showed that the relationship between water 
exudation through roots and the hydrostatic pressure 
difference between the leaves and the roots medium was 
linear and this result is compatible with the theoretical 
treatment given by Fiscus (1975). These results show that 
salinity not only causes reduction in transpiration but also 
leads to overall changes in the relationship between 
transpiration, leaf water content, stomatal conductance and 
root conductance of E. camaldulensis. In conclusion, reduction of 
transpiration rates under saline conditions and increased 
stomatal resistance can be ascribed to reduce turgor of the 
leaves and subsequent stomatal closure resulted from the 
water stress developed (Jarvis and Jarvis, 1965) since stomata 
of E. camaldulensis leaves were very sensitive to increased water 
stress, stomatal conductance decreased with increased water 
stress (Pospisilova and Solarova, 1984; Hoffman et al. 1971 
Jqnes, 1970). 
CHAPTER 5 
EFFECTS OF SALINITY ON WATER POTENTIAL COMPONENTS 
AND BULK ELASTIC MODULUS OF E. Camaldulensis 
LEAVES 
Introduction 
It is. well known that soluble salts in the soil solution 
affect the uptake of water by plants. Plant-water balance 
consequently is disturbed because plant tissues must be at a 
lower water potential (4,) than the soil solution for water 
uptake to occur (Gale, 1975; Kramer, 1983). In plants that 
maintain a positive water balance with increasing salinity the 
concentration of salts in the tissue increases, so that the 
osmotic potential (4,) decreases. However, these plants can 
maintain a positive turgor potential (4, p ) in spite of water.  
potential decreasing (Morris, 1980). The regulation of salt ions 
within plant tissues is called osmotic adjustment and is 
considered an important mechanism by which plants can survive 
with increasing salinity (Epstein, 1980), without such an 
osmotic adjustment the plant would lose turgor and not grow. 
E. camaldulensis is well adapted to drought (Pryor, 1976; 
Boomsma, 1979) by having high relative turgidity, a low (4i),and 
a low (4,)(Grunwald and Karschon, 1982). In many species the 
xylem 4, is nearly identical with 4, of the leaf mesophyll 
because the solute concentration of xylem water is low, and 
equilibration of the water potential (4,) between xylem and 
mesophyll cells is rapid (Jarvis, 1976). 
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In the experiment described here the effects of three levels 
of salinity on water relations and tissue elasticity of E. 
camalciulensis leaves was investigated by using a pressure chamber 
and comparing relationships between water potential and 
tissue water content. 
5.2 Theory 
Scholander et al. (1964, 1965) demonstrated that a 
pressure - bomb is the best technique to measure tissue 
water relations of plants. This technique was developed later 
by many workers (Tyree and Hammel, 1972; Tyree and Jarvis, 
1982) to get a complete characterisation of water potential, 
osmotic potential and turgor potential,as well as bulk elastic 
modulus, for plant tissues by applying a pressure-volume curve. 
It is assumed that the pressure necessary to force water out 
of the leaf cells into the xylem is equal but opposite in sign 
to the water potential of the leaf cells. 
The water potential of the symplasm of a single cell (4) 
is equal to the sum of the turgor ('1 
p 
 ) and osmotic potential 
(4i): 
4) = 4) + 4) 
The values of 4) and  4) are presumed to be uniform 
throughout the symplasm, since it is unlikely that any 
significant pressure gradients can exist across the bounding 
membranes of the vacuole and cytoplasmic organelles (Tyree and 
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Jarvis, 1982). 	However, the solutes contributing to the 
reduction in 4) in the various symplasmic compartments may be 
quite different (Tyree and Jarvis, 1982). 
For a tissue, the water potential of the symplasm at equilibrium is 
4) = 4) + 4) 
where 	and 4) are defined as weight-averaged values of 










4) = 	t 
i=1 W 
S 
where 4)i , 4) 
i 	 i and W 	are the turgor potential, osmotic 
potential and weight of symplasmic water respectively, in the 
ith cell in the tissue, and W is the total weight of 
symplasmic water in the tissue. The value of the tissue 
osmotic potential may be approximated by 
- 	ipgRTN 




where tp is an osmotic coefficient, @ is the density of water in 
the symplasm, R is the universal gas constant, T is the kelvin 
temperature and N is the number of moles of solutes in the 
symplasm. As the water content of an initially saturated 
tissue decreases, tissue turgor pressure will decline and 




over the range of relative water content (R*)  experienced. 
The relationship between 4, and R*  is given by the following 
1 	= 	W 	 + W) 
4, 	pgRTN 	 pgRTN 
where W is the weight of apoplasmic water in the tissue 
(assumed not to change) and W is the weight of symplasmic 
water at full turgor (Tyree and Jarvis, 1982; Robichaux, 1984). 
It is possible then, to plot the relationship between turgor 
pressure against relative water content, the value of the bulk 
modulus of elasticity of the tissue may be calculated directly 
from this relationship. The weight-averaged bulk tissue 
elastic modulus (E) may be defined as the change in tissue 
turgor pressure for a given fractional change in symplasmic 
water content 
- 	d4,P 
E= 	---- 	(R*_R*) 
a 
dR* 
where R*a is the relative water content of the apoplasm. 
The value of R* 
a 	 b 
is calculated from a plot 1/P against R*. 
Extrapolation of the straight line portion to 1 	= 0 gives an 
estimate of the maximum possible amount of sap which is not 
behaving as an osmometer, while extrapolation of the straight 
line of the curve upwards towards higher values of 1 
allows the osmotic potential at full turgor to be calculated. 
From the foregoing, it is clear that the pressure-volume 
curve can describe the most important characteristics in plant 
water relations: 4, 4?
S  4? p , 
R* and E. Therefore, to describe 
changes in tissue water relations with salinity the 
considerations outlined above were used. 
5.3 Materials and Methods 
The seedlings used in this experiment were grown in the 
glasshouse under controlled conditions at three different 
salinity levels 0, 24 and 48 mS cm-1 as described in Chapter 4. 
Five fully developed leaves from each treatment were cut from 
different seedlings. The cut ends were placed immediately in 
small flasks of distilled water and the tops enclosed in plastic 
bags. They were left for 24 hours in a dark place to 
rehydrate, then the petiole was recut, the leaf weighed to 
find the turgid weight, and placed in the pressure chamber. 
The end of the petiole was arranged to project through the 
hole of the chamber and sealed by a rubber washer; the 
chamber was humidified by damp tissue. Then pressure was 
applied to the leaf until water appeared from the petiole. 
No 
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This pressure represented the balancing pressure 	A higher 
pressure was then held for five minutes in order to remove 
further water. The pressure was then lowered to zero before 
raising it again to find another balancing pressure. 
The leaf was then removed from the chamber and weighed immediately. 
This process was repeated several times at each increase of pressure. 
Finally the leaves were oven dried at 90 0 C for two days 
and the oven dried weights recorded. The relative water 
content (R*)  could then be calculated as follows 
W  - W  
= ---------------x 100 
W -w 
t 	d 
where W  is the leaf fresh weight, W   the dry weight and W 
the turgid weight. For each leaf was ploted versus 
relative water content to give the pressure-volume curve. 
The linear part of this curve describes the osmotic potential 
at all water content. Turgor potential was estimated as the 
difference between 4 and the corresponding value of . Hence, 
the pressure-volume technique consists of a series of water 
potential and relative water content measurements. A linear 
regression was fitted to the data points falling on a straight 
line. 	Linearity in 	these 	fits was 	quite 	good and 	the 
coefficients 	of determination (r 2 ) 	were 	0.94 	and higher. 
Average maximum values for 4 , , 4, 
S , 
4, and R*  were calculated 
p 
for the seedlings at each treatment. 
5.4 Results 
Average maximum values of 4,, 41  and  41  at different 
salinities. 
Fig. 5.1 shows the highest values for 41, 41 and 41 that 
were obtained by the salinization procedure. The average 
maximum values of 41 and 4) tended to decrease with increasing 
salinity level, while 4, tended to increase with salinity up to 
24 mS cm-1 before decreasing. Thus, the decrease in 41 
maintained a potential gradient for water uptake and led to 
only a small reduction in 41 in the salinity treatments. The 
result agrees with previous reports (Gale, 1975; Kramer, 1983; 
Jones, 1983 and Bolanos and Longstreth, 1984) which showed 
that salt ions tended to lower the 41 and 41 of plants and 
maintain a positive turgor potential. 
, 4, , 4,  and E from P-V curves at different 
salinities. 
The water relations characteristics of E. camalciulensis 
leaves changed at different salinity levels. Fig. 5.2 (a,b and c) 
illustrate these changes. It is clear from table 5.1, which 
summarizes the means of the measured values, that salinity 
affected the zero turgor point negatively as well as the 
apoplasmic water content which reduced with increasing 
salinity. Osmotic potential at full hydration and at the 
turgor loss point tended to reduce with salinity increment. 
The reduction in osmotic potential indicated the occurrence of 
osmotic adjustment within the plants and led to increase in 


















Fig. 5.1, Average maximum values of $,$,and $ 
of E. camaldulensis leaves grown at 
three different salinities. Values are 
meant SE . (n=5) 
r7 0%  
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Fig. 5.2a, Relationship between reciprocal of applied pressure 
and relative water content for a representative leaf 
of the control treatment ( r=0.98 for the last five 
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Fig- 5.2b Relationship between reciprocal of applied pressure 
and relative water content for a representative leaf 
of the 24 mS cm, treatment (r0.97, for the las 
four points, p= 0.01 





Fig. 5.2c Relationship between reciprocal of applied pressure 
and relative water content for a representative leaf 
of the 48 as cm-1 treatment. C r=1.00, for the last 
four points, p=0.01 
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value of 4) was at 24 mS cm above which value declined (Fig. 
5.1). 
Table 5.1: Effect of salinity on relative water content at 
turgor loss point, apoplasmic water Content, osmotic 
potential at full hydration and osmotic potential at 
turgor loss point (n = 5)* standard errors. 
Salinity 	R*(4) 	=0) 	R * 	4i 	 * S ( 	= 0 ) 
	
p o a ,p 
ms Cm- 1 
0 	84.1*1.58 	24.7*12.7 	-1.35*0.02 	-1.79*0.13 
24 81.80.37 23.2± 9.04 -1.40*0.09 -1.85*0.24 
48 	80.10.41 	22.31 6.49 -1.54*0.12 	-1.89*0.29 
3. Hofler-Thoday diagram. 
Examples of the Hofler diagram derived from plots of 
versus Rt (e.g. Fig. 5.2) are shown in Fig. 5.3 a,b and c for 
representative leaves from the three treatments. These 
diagrams characterize the responses of water relations 
parameters to relative water content at different salinity 
levels. It is interesting to notice in Fig. 5.3 that salinity 
increased the bulk elastic modulus of leaf tissue which in 
consequence affected the turgor potential of the leaves. Fig. 
5.4 shows the relationship between relative water content and 
turgor potential of the leaves grown at the different salinity 
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Fig. 5.3a A Hofler diagram to show the relationship between 
Rt , $, $, $ and E for 
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Fig. 5.3b A Hofler diagram to show the relationship between 
•' • $ and E for 
E. camaldulensis leaf grown in the 24 aS cm-1  
treatment. 
ii':. 	A. 













Fig. 5.3c A Hofler diagram to show the relationship between 
Rt $, $, $ and E for 
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Fig. 5.4 Relationship between tissue turgOt potential and 
relative water content for E. 
camalduleflsls 
leaves grown at three different salinities- 
( • = control, 0 = 24 and •48 RS 
turgor potential of leaf tissue. Fig. 5.3 indicates a close 
relationship between E and 	and this 	is 	to be 	expected 
because E depends on of tissues (Fig. 	5.5). 	Moreover, it 	is 
quite 	clear that osmotic adjustment occurred in the seedlings 
by lowering ? 	(see 	Table 	5.1) 	and maintaining a 	positive 	g 
B p 
This 	solute adjustment in 	the leaves 	is achieved 	by 
accumulation of Na+ and Cl ions in the leaf tissues (see 
Chapter 4). Increasing solute accumulation in leaf tissues 
resulted in decreasing the elasticity of the cells (Fig. 5.5). 
The elastic modulus of the cells at full turgor was 6.40, 12.1 
and 7.50 MPa at 0, 24 and 48 mS cm 1 , respectively. 
Discussion 
The most notable feature of the results presented in this 
experiment are the changes in 4, 	and 4 at different salinity 
levels (Fig. 5.1). 	It is well established that increased soil 
salinity affects plant water relations (Epstein, 1980; Greenway 
and Munns, 1980) and in order to cope with the low osmotic 
potential plants absorb ions and transport them to the stems 
and leaves. The accumulation of ions within plant tissues 
enables the plants to live and survive in saline soils (see 
Flowers et al. 1977 and Greenway and Munns, 1980). The 
decreases in osmotic potential were the result of ions 
accumulation in leaf tissues (see also Turner and Jones, 1980) 
rather than decreases in symplasmic water content (Fig. 5.2 a,b 
and c). Tissue elastic modulus seems to have a large influence 
on the turgor potential (Fig. 5.5) since increasing in E (i.e. 
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Turgor potential (MPu) 
Fig. 5.5 Relationship between tissue Elasticity and tissue turgor 
potential for E. camaldulensis leaves grown at three 
different salinities. ( 0 = control, c = 24 and 0 = 48 
as 	1) 
MI 
decrease in elasticity) was associated with a reduced turgor 
(Fig. 5.3). Osmotic adjustment was accompanied in E. camaldulensis 
leaves by a small decrease in tissue elasticity (Fig. 5.3). The 
bulk elastic modulus was increased by increasing salinity, 
especially in leaves grown at 24 and 48 mS cm -1  (Fig. 5.3b, c), 
as estimated from the Hofler diagram. Increasings in bulk 
elastic modulus with increasing salinity give an impression 
that salinity induces a change in leaf cell wall structure and 
changes in average cell volume. Jennings (1976) has 
demonstrated that in some plant species salinity induces an 
increase in cell wall thickness and enhances lignification. It 
appears from this experiment that the differences in elasticity 
influenced the relative water content at which zero turgor 
potential is reached. This latter value was 86, 84 and 82.5 % 
for the 0, 24 and 48 mS cm -1 treatments, respectively. 
Further studies appear necessary for a better 
understanding of the relationship between salinity and bulk 
elastic modulus and its effect on plant-water relations. 
CHAPTER 6 
THE EFFECTS OF SALINITY AND SOIL. PH  ON STEM ELONGATION RATE 
AND LEAF EXPANSION OF E. CAMALDULENSIS SEEDLINGS 
6.1 INTRODUCTION 
Salt tolerant species are osmotically adapted to grow in 
soils of high ionic concentration, the adaptation occurring 
through ion accumulation in the plant tissues (Turner and 
Jones, 1980; Wilson and Ludlow, 1983). Osmotic adjustment 
helps the plants to grow satisfactorily in a saline environment 
by facilitating water absorption and the maintenance of turgor 
in plant parts. 
Leaf growth has been found to be very sensitive to 
water deficit (Sobrado and Rawson, 1984; Rawson and Munns, 
1984) and the development of leaf area is dependent on leaf 
turgor and water status (Matthews et al. 1984). Recently, 
Terrnaat et al. (1985) have concluded that the turgor of the 
shoot was not the only factor affecting the growth of 
salt-treated plants, while Delane et al. (1982) have stated that 
the growth of barley shoots could be limited by an inadequate 
supply of ions resulting in insufficient osmotic solutes to 
generate turgor. 
The main aim of these experiments was to examine 
1. 	the responses of stem elongation rate to different 
salinities at different soil pH and the accumulation of ions 
within the stems. 
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the relative leaf expansion rates under different 
salinities and to assess their effect on leaf area per plant. 
how these two parts (stem + leaf) affect the growth 
rate of the whole plant in general when the rate of growth 
is expressed as change in dry weight. 
This study concentrated on changes in daily leaf 
expansion and stem elongation rate as well as succulence, ion 
accumulation and the changes in the fresh and dry weights of 
seedlings in relation to salinity. 
6.2 Materials and Methods 
For this study two separate experiments were set out in 
the glasshouse at different times. 
1. 	Five-month-old 	seedlings 	were 	raised 	in the 
glasshouse from seed and transferred to compost salinized to 0 
24 and 36 mS cm- . Salinity was raised on average by 12 mS 
cm- 1 per two days. Salinization of the soil was finished by 
June 18, 1984, and the measurements were started on June 24 
and continued until August 2, at two day intervals. The 
length (L) and the largest width (W) of the leaves were 
measured by ruler and then the leaf area (A) was calculated 
according to the following equation 
ACxLxW 
where C is a constant that was calculated in the following 
way 
At the end of the experiment 60 leaves were cut and the 
length and 	width 	were 	measured, 	then 	the 	areas 	of 	these 
leaves were 	measured with 	an 	area 	meter (model 	LI-3100, 
LI-Cor, Lincoln-USA). 	A graph was drawn of the measured area 
against the 	product of length 	(L) by width 	(W) and the slope 
of the regression 	line gave 	the constant (C) with a value of 
0.644 (Fig.6.1) 	the 	relative 	leaf 	expansion rate 	
R 	was 
calculated according to the following equation 
1 A 	- 1 A 
n 2 o 	l 
L 
t 2 -t 
where A is the measured area at time 1 and 2. Water deficit 
(D) of the leaves of each treatment was calculated as follows 






where W is the saturated weight obtained by placing the 
leaves in a flask filled with distilled water over night and 
then weighing them, W  is the fresh weight and W 0 the oven 
dry weight. 
The experiment was set out as a randomised block design 
with three treatments of salinity, in each of which there 
were ten plants replicated three times. The total number of 
leaves in each treatment was thus, 30 leaves. Analysis of 
variance was applied to the data and the means were 
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6.1 	Relationship between the product of L*W and the actual leaf area 
for E. camalciulensis leaves . Each dot represent one leaf area. 
was calculated between leaf area and time in days. 
2. 	For the second experiment, seeds of E. camalciu/ensjs 
were raised in the glasshouse for four months before use. The 
pH of the composts used in this experiment were adjusted to 
4.5, 6.5 and 8.5 by he addition of calcium hydroxide. Seedlings 
were transferred to these composts on 1 February, 1985 and 
grown for one week before salinizatjon, as in Chapter 3. Two 
salinities were used, control and 24 mS cm -1  and the salinity 
was raised by 12 mS cm -1  per two days. After a further week 
the experiment was started and an initial harvest of 15 
seedlings was made. Measurements were made of height, fresh 
and dry weights as well as leaf area. The height of the main 
stem was measured weekly for eight weeks with a ruler to an 
accuracy of 0.1 mm. The last measurements were made on April 
3 and the plants were harvested. Roots were rinsed with 
water to clean them fromSojl and the plants separated into 
roots, stems and leaves. The leaf area was measured 
immediately as well as the fresh weight of the leaves, stems 
and roots. Leaf area was measured with an area meter (model 
LI-3100, LI-Cor, Lincoln,USA). The samples were dried in an 
oven for two days at 90 C after which the dry weights were 
recorded. All the samples were then ground up and acid 
digested following the procedure described in Chapter 3 to 
determine ionic concentrations in the seedling parts. 
The experiment was designed as a factorial in a complete 
block design (see appendix. 6.B ) of three levels of soil pH with 
two treatments of soil salinity. In each treatment there 
were 15 seedlings divided into three groups of five seedlings; 
IL 
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the total number of seedlings in the whole experiment was 90. 
Elongation rates of the main stems were calculated from the 
slopes of the regression Lines between stem height (Y) and 
time CX) for each treatment. 
RESULTS 
6.3.1 Leaf Expansion Rates [Exp. 1] 
The effect of salinity on leaf expansion was expressed as 
a relative rate of growth in area ( R L )(cm 2  cm-2 d 1 ) in order to 
compare the leaf expansion rates amongst the three salt 
treatments. 
It is clear from the data obtained that R declined with 
increasing leaf area per plant (Fig.6.2). Leaf expansion of the 
control differed significantly (P = 0.05) from that of 
salt-treated plants. Table 6.1 shows the daily increment in 
leaf area for the three treatments. The largest increment 
was in the controls, the lower increment in the plants 
treated with 24 mS cm and the lowest in the plants treated 
with 36 mS cm 1 . Table 6.1 shows that there was a negative 
relationship between leaf expansion and salinity. The leaf 
expansion rate of the salt-treated plants increased during the 
course of the measurements very slowly, in contrast to the 
controls. The mean leaf areas per plant at the beginning of 
the measurements (after 10 days exposure to salinity) were 
120, 107 and 98 cm  while at the end of the experiment they 
were 688, 469 and 418 cm  for the control, 24 and 36 mS cm -1  
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Fig. 	6.2, Relationship between leaf area per plant and the 
relative expansion rate of E. 	carnaldulensis leaves 
grown at three different salinity treatments ( 	0= 
control, 	a=24 and A=36 mS cm- I 	). Fitted curves 
are 
0, 	y= 	0.377-0.056 	ln(x) 	: r 2 =0.54 
24, 	v= 	0.301-0.047 	ln(x) 	: r2 =0.46 
36, 	y= 	0.325-0.052 	ln(x) 	: r 2 =0.50 
a 
Table 6.1 , Effect of soil salinity [ inS cm - '] on leaf 
expansion of E. camalduIensis measured as a 
slope of the regression line between leaf 
growth and time ± SE. 
Salinity 	Intercept 	Slope 	r2 
mS CM 	 cm 2 	 cm wk 
0 4.72t0.57 0.46210.024 0.997 
24 3.27±0.20 0.308±0.008 0.993 




increasing salinity and was 8.15, 13.1 and 15.1 	for the 
control, 24 and 36 mS cm- 1 treatments, respectively. This may 
be the reason why the control leaves expanded faster than 
salt-treated leaf. 
6.3.2 Stem Elongation [Exp. 2] 
Stems of seedlings grown without salinity at pH 4.5 (i.e. 
Control 1) showed a more vigorous rate of elongation than the 
other treated seedlings. The stem elongation rate of these 
seedlings differed significantly (P = 0.01) from Control 2 (pH 
6.5), and from the salt-treated plants, but the difference 
between Controls 1 and 3 was not significant. Table 6.2 shows 
that the salt-treated seedlings had the lowest rates of stem 
elongation and that stem elongation rate responded negatively 
to both increased salinity and soil pH. Table 6.3, shows the 
mean weekly increment (cm/week) for the stems during the 
course of the experiment. Evidently, the increment in stem 
elongation of the control seedlings continued to increase until 
the third week and then started to decline. For the 
salt-treated seedlings the increment in stem elongation 
started small and continued increasing until the end of the 
measurements ( see appendix 6.A) 
6.3.3 Succulence 
In 	all the 	three 	soil 	pH treatments 	the ratio 	of fresh 
weight:dry weight 	(i.e. 	the 	succulence) 	was highest 	in the 
root,lower in the leaf and lowest in the stem (Table 	6.4). The 
Table 6.2, Stem elongation rate of Eucalyptus seedlings 
as affected by soil pH and salinity 24 (mS cm-1 ) 
Values represent the slope of the regression line 
between stem growth and time *SE. 
Slope of regression line for 
Tr. soil 	 % oO 
pH control 	r2 	NaC1 r 2 
	
control 
1 	4.5 	4.99±0.24 	0.992 	2.91*0.15 	0.991 	58.3 
2 	6.5 	3.97*0.13 	0.996 	2.47*0.10 	0.995 	62.2 
3 	8.5 	4.5310.13 	0.997 	1.47*0.07 	0.993 	32.4 
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Table 6. 3, The effect of soil pH and salinity (mS cm-1 ) 
on stem elongation [cm/wk] of E. camaldulensjs 
seedling. Values are mean iSE. 
Treatments 
1 	 2 	 3 
period 	pH 4.5 	 pH 6.5 	 pH 8.5 
(wk) 	0 	24 	0 	 24 	0 	24 
0-1 2.4±0.23 1.1±0.16 0.5±0.21 1.7±0.27 2.0±0.14 1.410.31 
1-2 4.4±0.31 2.4±0.28 2.910.20 1.6±0.17 3.3±0.32 1.1±0.18 
2-3 6.8±0.51 2.110.28 5.2±0.30 2.7±0.24 5.5±0.47 1.3±0.15 
3-4 5.5±0.42 2.1±0.22 4.5.±0.45 1.7+0.15 5.2±0.38 1.1±0.19 
4-5 5.3±0.48 2.9±.0.30 4.1±0.37 2.4±0.26 5.5±0.50 1.5±0.22 
5-6 5.60.55 2.9±0.37 4.1±0.41 3.1+0.28 3.6+0.46 2.1±0.30 
6-7 2.8±0.21 4.2±0.44 3.2.0.38 2.6+0.33 3.9±0.56 1.9±0.16 
7-8 2.9±0.33 4.1+0.44 2 . 7±0 . 33 3.5+0.42 3.9+0.35 1.9+0.24 
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Table 6.4 Effect of increasing levels of soil pH and 
salinity [ mS cm - 1 ] on the succulence ratio 
[i.e. fresh wt/dry wt ] of E. camaldulensis 
seedling parts. [n=15). 
Soil 	Root 	 Stem 	 Leaf 
PH  
0 	24 	0 	24 	0 	24 
4.5 4.38 5.94 2.93 2.80 3.14 3.28 
6.5 6.48 7.17 3.23 3.00 3.59 3.29 
8.5 5.25 7.56 2.20 2.46 3.36 2.81 
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roots of the seedlings grown on saline soil of pH 8.5 had the 
highest succulence ratio and this ratio tended to decrease 
with decreasing soil pH. In other words the water content of 
the roots responded positively with increasing salinity and soil 
PH. However, the stems of Control 3 had the lowest ratio of 
fresh weight:dry weight, while the ratio increased with 
salinity. It seems from Table 6.5, that the dry weight of the 
stems was reduced by increasing soil salinity and pH. Table 
6.5 shows that the highest value for the stem dry weight was 
at pH 4.5 on both control and saline soil. The leaf area per 
plant was reduced significantly (P = 0.01) with increased soil 
PH and salinity (Table 6.5). The highest leaf area per plant 
was found on seedlings of Control 1 (pH 4.5) and this differed 
significantly (P = 0.01) from all other treatments except 
Control 3. The fresh weight of the stem was highest on 
Control 1, lower on Control 2 and the lowest on Control 3 
(Table 6.5). 
6.3.4 Ion Content 
It is quite clear that soil pH affects the availability of 
ions in the soil as well as the accumulation of these ions 
within plant parts. Increasing soil pH resulted in decreasing 
ion accumulation within the stems of the seedlings (Table 6.6). 
With increasing soil salinity, the sodium and chloride content 
increased in all plant parts while the potassium ion content 
decreased to a large extent especially with increased soil pH 
(Table 6.6). The content of calcium ions also increased in the 
10,  
TABLE 6.5 Effect of increasing levels of salinity and soil pH on the growth of Eucalyptus seedlings, 
Values are means -i- SE (n = 15) 
Soil Soil Hoot Stem Leaf Leaf pH salinity 	FW DW FW DW FW DW area/ ms 	cm g g g g g g plant 
o 5.26+ 0.61 1.2-i- 	0.07 8.07+0.39 2.7+0.13 11.2+0.9 3.5+0.3 620i-43.2 
4.5 
24 4.2 -F 0.35 0.7-i- 	0.04 3.65+0.23 1.30+0.07 6.89-i-0.3 2.1+0.08 389+21.8 
0 7.78+0.75 1.2+0.10 6.38+0.50 1.97+0.12 10..6-i-0.6 2.9-s-0.16 538+33.2 
6.5 24 8.04+0.74 1.1+0.09 3.64+0.20 1.21±0.05 6.69-i-0.4 2.03+0.1 361+22.4 
0 10.5+1.00 2.0+0.17 5.36+0.23 2.43+0.14 11.8+0.6 3.53+0.2 546+20.6 
8.5 - 




Table 6.6, Effects of increasing salinity [ mS cui 1 1 
and soil pH on stem ion content [ % dry wt) 
of Eucalyptus camaldulensis 
Stem 
Soil 	Na 	 Cl 	 K 
pH o 	24 	0 	24 	0 	24 
4.5 0.44 0.61 0.27 0.42 11.66 8.36 
6.5 0.12 0.22 0.16 0.36 8.77 8.26 
8.5 0.10 0.18 0.11 0.24 3.11 3.12 
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stem with increasing soil salinity while magnesium ions 
decreased. The accumulation of sodium and chloride in the 
stems of seedlings exposed to high concentrations of NaCl 
affected the elongation rates of the salt-treated plants. 
DISCUSSION 
The results of this experiment show clear responses of 
Eucalyptus carnalduiensis seedlings to both soil p1-I and salinity 
which are in agreement with other results (Tal and Shannon, 
1983; Rawson and Munns, 1984; Termaat et al. 1985; 'Munns, 
1985). Generally, leaf expansion in the majority of plants has 
been found to respond negatively to the presence of salts in 
the soil and consequently growth rates are depressed, either 
by osmotic effects, ion specific effects or toxic effects 
(Bernstein, 1958, 1962). In this work a negative relationship 
has been found between the interaction of salinity and soil pH 
and stem elongation rate (Table 6.2). It seems that increasing 
salinity and soil pH in the growing region caused large effects 
on plant growth and physiological activities (Tables 6.3 and 
6.5). It is likely that there was more than one factor 
responsible for the differences in salt tolerance of plants as 
expressed in growth depression. 
Water content of the stems and leaves was not affected 
much by increasing salinity and soil pH in contrast to the 
water content of the roots which increased considerably (Table 
6.4). In all treatments the relative degree of succulence in 
the various plant parts was highest in the roots (Jennings, 
1976), lower in the leaves, and lowest in the stems. 
Succulence of plant is often related to high salt content to 
maintain an osmotic potential difference between the tissues 
and solution (Eshel, 1 985) and is a mechanism to survive on 
saline soil (Rains, 1972). 
A negative relationship was found between the content of 
Na and Cl ions in the stem and the soil pH (Table 6.6). This 
reduction in ionic content at high levels of soil pH was caused 
mainly by differences in uptake rate, retention within the 
root and restricted translocatjon to the stem. It was 
observed that increasing soil pH resulted in decreasing the 
absorption of sodium and chloride ions. However, the presence 
of these ions in the stems and leaves of seedlings affected 
their growth significantly as compared to growth of the 
control. Leaf expansion was reduced by increasing soil salinity 
(Table 6.1), and this reduction was positively proportional to 
the rate of salinization. The daily increment in leaf area was 
found to be the most sensitive measure of the effect of 
salinity (Table 6.1). Rawson and Munns (1984) have suggested 
that salinity restricts leaf expansion rate during the day as a 
result of water deficit and this allows short-term reserves to 
build up so as to maintain the high rates of expansion at 
night. 
It seems that leaf expansion rates were very sensitive 
to water deficit and responded negatively to increasing soil 
salinity. Water deficit also affects the turgor of expanded 
leaves and consequently reduces other aspects of physiological 
activity. From the data of this experiment, it is clear that 
11 
the water deficit was sufficient to reduce leaf area per plant 
significantly as compared with the control. 
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CHAPTER 7 
GENERAL DISCUSSION AND CONCLUSIONS 
- It seems clear, that the technique which was used was 
proper and suitable for the aim of this work. Seedlings of E. 
camaidulensis were raised from Seed in the glasshouse under 
controlled conditions on a compost of sand and peat that was 
expedient for the growth of the seedlings because it contained 
the essential elements needed for growth. The method of 
salinizatjon of the compost was adequate and desirable, since 
it achieved the precise level of salinity required and enabled 
salinity to be increased gradually, so as to avoid a sudden 
shock to the plant. Moreover, the procedure of determining 
the concentration of ions within the plant tissues was very 
precise . Nevertheless, there were many difficulties facing the 
growth of the plants at the start of the study. The major 
problem was mildew that on the one hand affected the leaves 
of some of the seedlings causing damage which prevented them 
from being used in the experimentsi and, on the other hand, 
caused damage to the seedlings already being Used in the 
experiment. The first experiment had to be abandoned and 
repeated. The other problem was whitefly which also affected 
the leaves and increased damage to the seedlings thereby 
causing some confusion in interpretation of the damage, as to 
whether this was caused by salinity or mildew or whitefly. 
.For this reason the experiment was repeated. Eventually, 
seedlings were sprayed weekly with silver solution to protect 
(them from mildew and whitefly. 
The main aim of this work was to determine the 
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tolerance of F. carnalciulensis to salinity and also to clarify the 
responses of each part of the seedlings to soil salinity. It is 
generally believed that plants which survive in saline soil are 
salt tolerant because they have the ability to grow and 
complete their life cycle in such conditions. 
In the presence of salinity several experiments were done 
to estimate salt tolerance in F. camaldulensis. It was considered 
that the relative growth rate of the plant was a suitable 
measure to give a reliable estimate of salt tolerance in terms 
of overall effects of differing levels of salinity. It was 
shown in Chapter 3 that salinity affected seedling growth in 
several ways. 
The main responses to high salinity were reductions in 
height, diameter, leaf number and leaf area of the seedlings 
(Table 3.1 and 3.2). Fresh and dry weights of parts of the 
seedling were found to decrease with increasing salinity (Table 
3.3). While mortality in the highest saline treatment (48 mS 
cm 1 ) was 37.5 %, it was clear from Fig. 3.6 that the seedlings 
that survived suffered a large reduction in their relative 
growth rate. However, F. camalciulensis seedlings exhibited a 
considerable tolerance to high levels of salinity, as the 
majority of the seedlings survived. Sands (1981) and Blake 
(1981) have also found that F. camalcjujensjs has a considerable 
tolerance to salinity. It was also shown in Chapter 3 that a 
salinity treatment of 12 mS cm -1  stimulated seedling growth 
(Table 3.1 and 3.2) and this is in agreement with the result of 
many other workers (Jennings, 1976; Yeo and Flowers, 1980). 
Recently, Eshel (1985) has demonstrated that NaCl enhances the 
11 
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growth of Suaeda aegyptica (a halophytic species) and that the 
presence of this salt was necessary for its growth. 
In aline soil, it was confirmed, in this study, that there 
was a positive relationship between the succulence of 
seedlings and increasing salinity (Fig. 3.5a). Roots have the 
highest succulence (Fig. 3.5b) among the seedling parts and this 
can be related to the presence of a high concentration of Na 
ions (Rains, 1972). The ratio of root/shoot was increased with 
increasing salinity and this was thought to be a possible 
adaptation to saline conditions to cope with the osmotic 
stress applied by the ions and also to dilute the internal 
concentration of salts. Many other workers have reported 
increasing succulence in salt- treated plants (e.g. Tal and 
Shannon, 1983; Glenn and O'Leary, 1984). 
Fig. 7.1 describes the main responses of plants to soil 
salinity. The roots of a plant in saline soil respond by 
absorption and accumulation of ions in the tissues because of 
the low external osmotic potential. Thus they are able to 
absorb water and to maintain turgor. 
Tolerance of salts in the environment depends on 
regulating the content of ions within the plant parts so as to 
avoid toxic accumulation Osmotic adjustment seems to be a 
most important mechanism in plants for avoiding the 
accumulation of ions to toxic level. Osmotic adjustment is 
generally achieved by accumulation of ions within the plant 
cells and transport of them from one part to another. In this 
study the concentration of Na ions was highest in the roots, 
lower in the leaves and lowest in the stems , while the 
Salinization of the medium 
Depression of the external water potential 
Perception-of stress by the plant 
Uptake of ions 
Z "'**~~ 
	
Little 	 fuch 
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enzymes 
Fig. 7.1 Outline of the main responses of plants to 
salinity (after Epstein, 1980)_ 
concentration of Cl ions was highest in the leaves, lower in 
the stems and lowest in the roots (Table 3.10). This 
arrangement in distribution of ions reflects a high ability in 
this species to adjust the ion content in the seedling parts. 
The presence of Na and Cl ions at high concentration in the 
roots and leaves, respectively, appears to reduce the 
conductance of both roots and leaves to water (Figs 4.3 and 
4.4). Reducing the permeability of the roots to water results 
in the development of water stress (Hsiao, 1973), which 
negatively affects the transpiration rate and the process of 
opening and closing the stomata (Figs. 4.2 and 4.3). It seems 
that salinity leads to overall changes in the relationship 
between transpiration, stomatal conductance and root 
conductance of E. cama!du/er,sis (Chapter 4). 
The water relations of the seedlings were seen to be 
affected by increasing salinity (Chapter 5 ), the main responses 
being decreases in water potential and osmotic potential (Fig. 
5.1). These decreases allowed plant to absorb water and to 
continue growing (Epstein, 1980). Without such a reduction in 
potential seedlings commonly lose turgor, cease growth and, 
eventually die (Bolanosancj Longstre 1984) 
Leaf growth showed a considerable reduction with 
increasing salinity (Chapter 6). It was found that the daily 
leaf expansion rate was retarded by the presence of salinity 
which therefore affected the leaf area attained per plant (Fig. 
6.2). The reduction in leaf area was presumably affected by a 
negative effect on some process that takes place in the leaves 
(Co 2  fixation, photosynthesis, carbohydrate content) (Rawson 
11 
and Munns, 1984) thus influencing plant growth. Other parts 
of the seedling (stem) behaved similarly in response to salinity 
(Table 6.2). There are, however, still many questions that need 
to be answered. 
Further research 
In this situation, it would be useful to consider 
priorities for research concerning the anatomy of the changes 
that occurred in the cells of the leaves and roots caused by 
accumulation of Na and Cl ions. For example, it is necessary 
to clarify the changes that take place in the leaf cell wall, 
the length and width of guard cells and stomata], frequency as 
well as the changes that occur in the root cells as a result 
of succulence and salt accumulation. it also seems worth 
initiating a comparative study of salt tolerance in the major 
Eucalyptus species which are considered promising in the 
plantingoff saline areas. Moreover, the water use by 
Eucalyptus species under saline condition needs more effort for 
a better understanding of the relationship between tolerance 
and the uptake process. An intensive selection and breeding 
programme for salt tolerant species is urgent for 
afforestation in areas that contain a high concentration of 
salt ions. 
On the other hand, some understanding will result from 
the study of the influence of salinity on these metabolic 
processes that have a large effect 'on salt tolerance of the 
plant. The most important aspects of this kind of 
investigation would be a study of the effects of salinity on 
carbohydrates, chlorophyll, hormones, enzymes, starch and 
11 
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metabolic activities like respiration and photosynthesis. 
CONCLUSIONS 
E. camaldulensj.s responded to treatments of salinity by 
reduction in the relative growth rate, leaf area, height of stem 
and leaf number. The lethal salinity treatment for this species 
was over 48 mS cm 1 
A low salinity treatment (0-12 mS cm -1 ) had positive 
effects on the growth of seedlings. 
Roots accumulated the highest concentration of sodium, and therefore 
this was thought to be the reason for increased root succulence. 
Osmotic adjustment appeared to be the main reason for the 
survival of seedlings on saline soil. This enabled the seedlings to 
absorb and accumulate ions within particular plant parts. 
Reductions in transpiration rate and stomatal conductance under 
saline conditions had a positive effect in maintaining the plant water 
content 
Reductions in water and osmotic potential were very important for 
water absorption which enabled the seedlings to grow on saline soil. 
Increasing the ratio of root/shoot with increasing salinity 
played a positive role in sustaining the growth of the seedlings since 
the roots are responsible for water absorption. 
Seedlings of E. camaldulensjs showed high tolerance to 
salinity and seem to be suitable for use in reclamation and planting 
in areas where moderate salinity is a major problem. 
9- 	Further studies in the field are required to elucidate the 
interaction of other factors and their effects on salt tolerance 
of this species. 
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Appendix 3.A, Eff edA of soil salinity[mS cm -1 ] on mineral 
concentration [ % dry wt.] of seedling parts 




N 	P Ca Mg 
Root 
o 1.39 1.92 0.42 1.32 0.38 
12 1.09 1.67 0.52 1.23 0.31 
24 1.07 1.66 0.32 1.14 0.33 
48 0.76 1.83 0.22 1.66 0.28 
Stem 
0 1.59 1.72 0.24 1.12 0.19 
12 1.54 1.60 0.52 1.14 0.19 
24 1.40 1.71 0.62 1.23 0.20 
48 1.54 1.78 0.32 1.77 0.29 
Leaf 
0 1.38 3.11 0.44 0.75 0.25 
12 1.27 3.06 0.42 0.84 0.25 
24 1.10 2.84 0.21 0.78 0.26 
48 1.41 1.20 0.33 0.84 0.28 
133 
Appendix 3.B, Effect of soil salinity [ mS crn] on 
mineral concentration [ % dry wt ] of 
seedling parts grown at different salinities. 






P 	Ca Mg 
Root 
o 1.06 0.38 0.71 0.99 0.23 
12 1.28 0.52 1.16 1.43 0.34 
24 1.10 0.40 0.95 0.99 0.26 
48 0.74 0.51 2.01 1.56 0.22 
Stem 
0 1.66 0.46 0.77 1.01 0.16 
12 1.48 0.41 1.57 0.77 0.12 
24 1.67 0.49 1.60 1.09 0.17 
48 0.88 0.43 1.40 1.37 0.16 
leaf 
0 1.35 0.83 0.96 0.75 0.22 
12 1.38 0.77 0.98 0.71 0.21 
24 0.86 0.70 0.80 0.62 0.17 
48 0.78 0.72 0.78 0.81 0.22 
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Appendix 4.A Mean values of transpirat.ion rate [ g m 2 s 1 ] 









o 0.0391 0.0360 0.0377 0.0347 
24 0.0234 0.0219 0.0269 0.0276 
48 0.0123 0.0105 0.0105 0.0085 
Day 2 
0 0.0373 0.0358 0.0471 0.0195 
24 0.0233 0.0191 0.0429 0.0193 
48 0.0100 0.0059 0.0068 0.0052 
Day 3 
0 0.0486 0.0477 0.0395 0.0273 
24 0.0287 0.0244 0.0205 0.0171 
48 0.0155 0.0108 0.0085 0.0070 
Day 4 
0 0.0417 0.0357 0.0303 0.0265 
24 0.0251 0.0195 0.0205 0.0227 




Appendix 4.B Mean values of stomatal conductance [cm 	for 







12.00 14.00 16.00 18.00 
Day 1 
0 0.167 0.144 0.223 0.284 0.287 0.276 
24 0.134 0.117 0.115 0.141 0.159 0.139 
48 0.082 0.059 0.063 0.102 0.108 0.096 
Day 2 
0 0.218 0.205 0.206 0.236 0.200 0.160 
24 0.099 0.125 0.092 0.119 0.102 0.083 
48 0.048 0.096 0.074 0.075 0.065 0.060 
Day  
0 0.145 0.167 0.160 0.216 0.186 0.154 
24 0.072 0.096 0.068 0.085 0.075 0.088 
48 0.060 0.069 0.059 0.068 0.065 0.060 
day  
0 0.156 0.190 0.182 0.196 0.237 0.198 
24 0.085 0.119 0.106 0.114 0.110 0.088 
48 0.059 0.102 0.091 0.084 0.088 0.102 
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APPENDIX 6-A, The effect of soil pH and salinity 
[ inS cni 1 1 on 
stem elongation of E.camaldulensjs seedlings. 
Values are meanSE. 
TIME 	PH 	4.5 	 6.5 	 8.5 
(WEEK) 	0 	24 	0 	24 	0 	24 
1 	27.9±0.84 	26.5j0.58 	25.8±0.78 	27.2±0.81 27.5±0.83 26.9±0.75 
2 32.3±0.96 28.910.64 28.7±0.92 
3 39.3±1.42 31.0±0.78 33.9±1.09 
4 44.8±1.63 33.1±0.82 38.3±1.39 
5 50.1±1.94 35.9±1.00 42.4+1.53 
6 55.7±2.26 39.9+1.08 46.4±1.70 
7 58.5±2.31 42.9±1.31 49.6+2.00 
28.8j0.84 30.7±1.03 29.1jO.83 
3 1.4±0.75 36 .2±1.09 30.3+0.87 
33.1±0.52 41.3±1.15 31.3±0.89 
35.5±0.67 46.8+1.68 32.6±0.99 
38.6 ~0.79 50.4±1.53 34.6+1.18 
41.1+0.93 54.3+1.82 36.4±1.35 
8 	61.4±2.26 	47.2+1.61 	52.3±2.17 	44 . 6± 1 . 19 58 .2±1.93 38.2±1.48 
Appendix 6.B, The Genstat program used to calculate 
the analysis of variance of stem 
elongation of E. camaldulensjs under 
three soil pH and two salinities. 
1 'REFE' EXTEN 
2 'UNIT' $90 
3 'FACTOR' NPH $3 
4 	 :NST $2 
5 :NRP *3 
6 	 :NPL *5 
7 'INPUT' 2 
8 'READ' NPH. NST, NRP. NFL. ELN1. ELN2. ELN3. ELN4. ELNS. ELN6. ELN7 
9 'INPUT' 1 
10 'BLOCK' NRP 
11 'TREATMENT' NPH*NST 
12 'ANOVA/SE-M' ELN1. ELN2, ELN3. ELN4. ELNS. ELN6. ELN7 
13 'TABLE/N' TABLE1$NPH.NST 






20 : ELN7, TAHLE1 
21 'RUN' 
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